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ABSTRACT
Two commercially important species of Louisiana 
crayfish, Procambarus clarkii (Girard) and P. acutus acutus 
(Girard), from the Atchafalaya River Basin and from open 
ponds, as well as sediment and water from these environs, 
were sampled at three times during two consecutive fishing 
(production) seasons. The abdominal muscle and 
hepatopancreatic tissue were digested with nitric acid; the 
sediment was dried prior to digestion with hydrofluoric 
acid and aqua regia; and the water was filtered prior to 
analysis by inductively coupled plasma emission 
spectrometry (ICP) for As, Cd, Cu, Cr, Hg, Pb, and Ni. Pb, 
Hg, and Cd, if present, were in concentrations below the 
detection limit (DL). In the hepatopancreatic tissue, Cr 
was present in concentrations <DL to 1, Cu 4 to 58, and Ni 
<DL to 2 mg/kg. Abdominal muscle samples had less than 5 
mg/kg of all metals. Locations with the highest levels of 
metal residues in sediment were not necessarily synonomous 
with the highest levels present in the crayfish tissues.
Using the standard U.S.FDA Pesticide Analysis Manual 
and AOAC Standard Methods for the clean-up and extraction 
of organochlorine pesticides from tissues, sediment, and 
water, DDT, DDD, DDE, aldrin, dieldrin, endrin, heptachlor, 
heptachlor epoxide, and MirexR were targetted. Detection
ix
was by a gas chromatagraph, equipped with a 63Ni electron 
capture detector, on DB-5 and DB-210 MegaboreR columns, 
eluted with ultra-high purity N2 . Except for DDE in the 
hepatopancreas of one location (up to 0.043 mg/kg) the 
second year, all persistent pesticides, if detected, were 
found in quantities less than 0.003 mg/kg.
x
INTRODUCTION
Approximately 322 species of crayfishes in two 
families (Astacidae and Cambridae) and 11 genera, inhabit 
North America (Bouchard, 1978). Of the 31 species and 
subspecies in Louisiana Procambarus clarkii (Girard), the 
red swamp crayfish - formally called Cambarus clarkii. and 
Procambarus acutus acutus, the white river crayfish - 
formally called C. blandinci acutus then P. b. acutus are 
the two commercially important species to the food industry 
(Penn, 1943; Huner and Barr, 1984).
Only about five North American crayfish species 
achieve both the size and abundance to be harvested 
commercially. Outside Louisiana, Pacifasticus leniusculus 
from the West Coast and Orconectes similans and O. virilans 
from the Upper Midwest and East are exploited for food. In 
addition, an extensive fish bait industry exists in nearly 
every state in which crayfish are legal to use (Huner and 
Barr, 1984). Besides being a delicacy for man, crayfishes 
are important components in aquatic exosystems. The 
organisms naturally inhabit streams, rivers, marshes 
(brackish and fresh), lakes, and dry land. As 
opportunistic omnivores, crayfishes are polytrophic: they 
feed on plant and animal material and detritus. Besides 
converting detritus, periphyton, and macrophytes into 
energy for other species, crayfishes, themselves, serve as
1
food for many species of fishes, insects (adults and 
aquatic larvae), other arthropods (water spiders and water 
scorpions), amphibians and reptiles, birds, and mammals 
(Lorman and Magnuson, 1984). The first recorded commercial 
harvest of crayfish in Louisiana was 23,400 pounds, valued 
at $2140 (Penn, 1943). Since then, crayfish have become an 
important industry in Louisiana. The 1985 "reported" 
commercial landings from private ponds was in excess of 65 
million pounds with a value of over $31 million to the 
farmer. In 1986 the totals for pond-raised crayfish were 
approximately 60 million pounds valued at over $28 million. 
(Anon., 1986, 1987) Commercial figures for wild crayfish 
are very difficult to estimate because the industry 
operates to a large extent on a cash basis. Romaire 
(1988) estimated that approximately 75% of the total 1987 
crayfish harvest in Louisiana, came from the wild catch. 
The LSU Cooperative Extension Service (Anon, 1986) 
estimated the 1986 Basin catch to be about 25% of the pond 
catch.
These dramatic fluctuations in the wild catch from the 
flooded back waters of the Atachafalaya Basin and the 
Mississsippi River led to frustrations on part of 
fishermen, processors, consumers, and those who wanted to 
expand sales of the meat out-of-state. Basin yields may 
vary between 20% and 80% of the total crop from one year to 
the next (Romaire, 1988). In order to alleviate some of the
supply volatility, the concept of raising crayfish in rice 
ponds, as a second crop, started in the mid-1950s 
(Hendrick, 1966). Viosca (1953, 1961) used the popular 
press to describe the first attempts at double-cropping 
rice fields. In the past 25 years, the system has worked 
well as there are now approximately 125,000 acres in south 
Louisiana devoted, either solely or partially, to 
rice:crayfish double - cropping.
Runoff from agricultural lands and from oil-drilling 
locations, plus industrial effluents, may enter the water 
used by farmers for the crayfish pond or the Atchafalaya 
Basin. As such, the crayfish, being detritus feeders and 
herbivores, are able to ingest pollutants that are adsorbed 
onto the sediment and vegetation.
Study Objectives
Therefore, the purpose of this study was to determine 
whether local crayfish bioaccumulate compounds found in the 
environment, and if residues are present in the 
hepatopancreas ("fat") and abdominal muscle ("tail meat"), 
then determine whether the concentrations of these 
compounds are affected by the source (ponds versus wild 
Basin specimens, and geography) and, if size (as related to 
time of season) has an effect.
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LITERATURE REVIEW
The xenobiotics of concern in this study include 
pesticides and metals in crayfish, sediment and water. 
Effects of xenobiotics on crayfish have been studied in 
laboratories as toxicity studies and in the field as 
residue and biomagnification studies. Since this project 
examined the accumulation of pesticides and metals in the 
abdominal muscle ("tail meat") and the hepatopancreas 
("fat") of crayfish and the sediment and water in their 
habitats, this review will concentrate solely on these 
aspects.
PESTICIDES IN CRAYFISH 
Toxicity Studies
The toxicity of persistent chlorinated pesticides, 
carbamates, and organophosphates to crayfish have been 
studied by several researchers. Table 1 summarizes the 
available toxicity data of pesticides to crayfish.
Normal application rates of MirexR bait was not toxic 
(Muncy and Oliver, 1963). The delayed lethality of MirexR 
to non-target invertebrates was observed by Ludke et al. 
(1970), who reported that lethality varied with animal 
size, pesticide concentration, and exposure time. Five to 
ten days after initial exposure, Procambarus blandinqi 
showed significant mortality; however, P. hayi were



















307 kg/ha Mirex bait (at 72 hr. TLm = 0 . 6  mg/1 DDT
0.075% active ingredient) 0.3-0.4 mg/1
= 0.1 mg/1 pesticide dieldrin
0.001-0.005 mg/1 Mirex 96 hr. LC50 - not toxic
0.0001-0.0005 mg/1 Mirex 96 hr. LC50 - 65-75% died
Collected from S. TX. - 
High DDT usage area: 
Low DDT usage area:
0.225 kg/ha aldrin seed- 
coating in rice ponds 
at LSU Rice Exp. St., 
Crowley, LA.
96 hr. LC5q - 7.2 mg/1 DDT 
96 hr. LC50 - 3.0 mg/1 DDT
NSD3 in residues between 
test pond and controls 
0.1 vs 1.25 aldrin 

















Labeled 14-C DDT to study 
internal depostition 
pattern of DDT
LSU Rice Expl St., Crowley,
LA.
3 treatments with l.ll kg/ha 
of 0.3% Mirex bait during 90 
day period
14C Mirex used to study 
deposition in organs
High dose (0.074 mg/L) 
deposition patterns
Low dose (0.00074 mg/L) 
depostion patterns
96 hr. LC50 - 0.01-0.001
Females - greatest ac­
cumulation in hepato­
pancreas
Males - greatest accum­
ulation in gills
37.5% loss of crayfish 
in treated ponds 
NSD in aggregate weight 
between treated pond 
and controls 
0.35 Mirex in whole body 
60 days after treat­
ment
0.09-0.28 in whole 
body 90 days after 
treatment
96 hr. LC50 - 0.003 mg/1
Concentration in organs: 
Early poisoning signs 
intestine - 11.2 ppb 
dig. gland - 1.4 ppb 
muscle - 0.05 ppb 
Late poisoning signs 
dig. gland - 7.8 ppb 
nerve cord - 6.2 ppb 
brain - 5.9 ppb 
muscle - 0.6 ppb 
Early poisoning signs 
intestine - 7.8 ppb 
dig. gland - 1.7 ppb 
muscle - 0.04 ppb
Procambarus
clarkii








Studied microsomal mixed ox 
idase conversion of aldrin 
into dieldrin by freshwater 
invertebrates
FIELD STUDIES
Procambarus Missouri farm pond -
similans 0.02 ppm aerial DDT spray(10)
"Crayfish" Aerial spraying of DDT to
(11) combat fall cankerworm
(Alsophila pometatia) 
in N. Pennsylvania
Cambarus Aerial spraying of Maine
bartoni streams with DDT
(12)
Controls from outside 
spray area
Late poisoning signs 
dig. gland - 4.6 ppb 
green glnd - 1.8 ppb 
muscle - 0.6 ppb
96 hr. LC50 - 0.003 mg/1 
methyl parathion 
most toxic
Crayfish could convert 
8.48% of aldrin into 
dieldrin
1 mo. 1.82 mg/kg total DDT 
(DDT, DDD, DDE), most­
ly DDD and DDE 
16 mo. 0.10 mg/kg total DDT 
(whole body)
0 d l.l DDE 
1.9 DDT 
32 d 0.88-1.1 DDT 
0.50-1.6 DDD 
0.80-1.4 DDE 
360 d <0.09 of each
dur- 0.013-2.39 DDT 

















Specimens from streams 
treated 3-9 years be­
fore study
Compared La. catch figures 
with known pesticide us­
age in harvest areas
Mirex and DDT determinations 
of crayfish throughout S. 
LA. study area
Analysis of S. Dakota lake 
invertebrates
Biomagnification of photo- 
dieldrin by aquatic 
invertebrates
Dieldrin treatment of Geor­
gia farm pond
Analysis of NE Louisiana 
lake organisms for organ- 
ochlorine pesticide ac­
cumulation 
Lake Providence - near 
urban area 
Lake Bruin - surrounded by 
farm land
Old 0.048-0.530 DDT 
spray whole body 
area
No correlation between 
level of reported pes­




0.002 - DDT 
<0.001 - HE5, aldrin,
and dieldrin 
37X CF6 (all pesticides) 
compared with water
8X - Cambarus 
1200X - Gammarus - an 
Amphipod 
63,000X - Daphnia s p . - 
"water flea"
40 hr 1.454 dieldrin
3 wk. 2.178
4 Wk. 2.074
L. Providence specimens 
0.13 DDE 






Studied effects of current- 
non persistent - insecti­
cides used in rice cul­
ture
8 mo. No insecticide, herbi­
cide, or fungicide 
detected
Procambarus Lake Verret (Ascension Par­ 1978 ND for 15 targetted
clarkii ish) , La. no history of pesticides
(19) persistent pesticide use 1979 ND
Brule-Plaquemine area (Ib­ 1978 Trace of chlordane
erville Parish) - history 
persistent pesticide use
1979 ND
E. Franklin area (St. Mary 1978 ND
Parish) - history of 1979 ND
heavy persistent pesti­
cide use
1 (Ref.): the literature cited for this study is indicated by the number in
parentheses as indicated at the end of the table.
^values indicated are expressed in mg/L or mg/kg - as appropriate 
using whole body, as is basis.
3NSD - No significant difference using the p=0.05 level 




1) Muncy and Oliver, 1963
2) Ludke et al., 1970
3) Albaugh, 1972
4) Hendrick, 1965 and Hendrick
5) Airaksinen et al., 1977
6) Hyde et al., 1972, 1975
7) Minchew et al., 1980
8) Cheah, 1978 and Cheah et al.
9) Khan et al., 1972
10) Bridges et al., 1963
11) Cole et al., 1967
12) Dimond et al,, 1968
13) Markin et al., 1972
14) Hannon, 1970
15) Khan and Khan, 1974
16) Lorio et al., 1976
17) Niethammer et al., 1984
18) Ekanem et al., 1983





considerably more sensitive to the insecticide, even at 
much reduced exposure levels.
Hyde et al. (1972, 1975) estimated that more than one- 
third of P. clarkii numbers in ponds treated three times 
with MirexR bait during a 90-day period were lost compared 
to untreated ponds. However, no significant difference was 
detected when aggregate weights of test pond and control 
pond crayfish were compared. Females showed a 15% 
improvement in survival, in aggregate numbers.
Minchew et al. (1980) analyzed the distribution of 
14C-Mirex in P. clarkii. Adult crayfish exhibiting early 
symptoms of toxicity after exposure to 7.4 or 74 ppb, 
stored nearly all the MirexR in the digestive gland and 
gills. Late symptom adults primarily stored the compound 
in the digestive gland, nerve cord, brain, and green gland. 
At low exposure levels, late symptom individuals stored 
MirexR in the intestine rather than in the nerve cord and 
brain.
Procambarus clarkii collected from an area of high 
pesticide usage in southern Texas were more resistant to 
DDT than individuals collected from areas of low pesticide 
usage. Crayfish exposed to extremely high levels of DDT 
and transferred to clean water appeared to recover 
completely, with no additional mortality from stored 
insecticide (Albaugh, 1972).
DDT deposition patterns in Scandinavian Astacus
astacus. employing 14C-DDT, were studied by Airaksinen et 
al. (1977). Females, because of their higher lipid 
content, stored the labeled DDT primarily in the 
hepatopancreas (3.5X greater than in males), while the 
males stored more in the gills. The cuticle, green gland 
("kidney", 1.5X greater in females), and intestine (2X 
greater in females) are also storage sites.
Hendrick (1965) and Hendrick et al. (1966a,b) reported 
no significant difference between P. clarkii losses in 
aldrin-treated ponds and control ponds. Dieldrin, a 
degradation product of aldrin, was detected in the 
abdominal muscle.
Khan et al. (1972) described the detoxification of 
aldrin into dieldrin by the microsomal mixed oxidase (MMO) 
system of selected freshwater invertebrates. Cambarus sp. 
was intermediate in its ability to detoxify the aldrin.
The green gland had the highest oxidase activity, followed 
by the hepatopancreas and the alimentary canal.
Cheah (1978) and Cheah et al. (1978, 1980) obtained 
static acute toxicities (LC50) for a variety of non- 
persistent pesticides to P. clarkii and P. acutus acutus.
In general, the organophosphate and carbamate insecticides 
were at least as toxic (or in the case of methyl parathion, 
much more toxic) than the organochlorine pesticides of the 
past. Crayfish showed little sensitivity to the tested 
herbicides or fungicides. Propanil R , an herbicide and
Arasan 70-S R , a fungicide, were considerably more toxic 
than others in their classes. Crayfish exposed to higher 
levels of methyl parathion and toxaphene were more 
resistant than those crayfish exposed to less (Albaugh, 
1972) .
Field Studies
The data in Table 1 summarize the studies that 
quantified the residues in crayfish and studies the 
accumulation of pesticides over time. Dimond et al.
(1972) concluded that the crayfish, Cambarus bartoni. 
rapidly accumulated the DDT and quickly converted it into 
water-soluble DDD and DDE for elimination, after an aerial 
application on Maine streams. Some DDT and metabolites 
remained in the bodies, though, as the crayfish never 
achieved pretreatment body levels.
Cambarus bartoni. collected from a Georgia farm pond 
treated with dieldrin, showed a substantial increase in 
accumulation of the insecticide two days and 14 days after 
the treatment. Body accumulations began to decrease after 
four weeks (Lorio et al., 1976). However, Khan and Khan 
(1974) observed a low bioaccumulation of photodieldrin, a 
degradation product of dieldrin, in Cambarus sp. of 8X 
compared to 1200X for Gammarus (an amphipod) and 63,000X 
for Daphnia ("water flea"), other Arthropods.
Currently applied pesticides in Louisiana rice fields,
including DifolatanR , PropanilR , OrdramR , and FuradanR , 
were not detected in P. clarkii eight months after test 
rice fields were treated. (Ekanem et al., 1981).
No correlation between levels of pesticide usage and 
levels of catches of wild Louisiana P. clarkii was reported 
by Markin et al. (1972). Dowd et al. (1985) observed 
little accumulation of 15 target organochlorine pesticides 
in Louisiana P. clarkii collected from areas of previous 
low, moderate, and heavy usages.
PESTICIDES IN THE ENVIRONMENT
The probable source of pesticide exposure for wild 
crayfishes is the sediment, since the animals are known 
detritivores. Several studies have investigated pesticide 
residues in the sediment, both in conjunction with crayfish 
and otherwise. Table 2 summarizes the quantitative data 
for pesticide residues in sediment. Meier et al. (1983) 
reported detectable levels of several persistent pesticides 
in rice-fish polycultured pond sediments from five 
locations in Malaysia.
Although sediments from 35 tested ponds in southwest 
Virginia had detectable heptachlor epoxide residues after 
1959 and 1963 treatments to control alflafa weevils (Hvoera 
postica), only 14 of these ponds contained residues in 
excess of 1.0 ppb. These values were lower than that found 
in nearby untreated watershed soils. Ponds contained















35 farm ponds treated with 
heptachlor to control al­
falfa weevils (Hvpera po- 
stica) in 1959 and 1963
0.22-1.78 kg/ha DDT treat­
ment of ponds to control 
mosquito larvae
0.02 ppm DDT applied to 
farm pond
1965 14 of 35 ponds
0.001-0.0599 HE3 
(cnearby watershed 
sheds; winter > 
summer)
sev- 1.3-22.5 DDT in sedi-
eral ment of treated
days ponds
after NSD - between amt.
applied & residues
I d  8.30 - DDT
8 wk. 0.38 - DDT 
12 mo. ND
Sugarfield runoff into 
Bayou Yokely - aldrin 
suspected cause of fish 
kills
4 "inside the levee" oxbow 
lakes
16 "outside the levee" lakes 
which drain farm land
Sept., 0.165 aldrin 
1964








Malaysia 5 rice-fish polyculture ponds
(6) (no history of pesticide
applications given)
Apalachicola Analyzed residues adsorbed on






5 EPA "superfund11 sites 
along river 
Upstreams sites used as 
controls 













Adsorded on fine-grain 












<0.0001-0.01 - HE 
<0.0-0.14 - DDT 
0.026-0.074 - DDD 





Aerial DDT spraying to com- 32 d p,p'-DDT returned to 









5 ppb dieldrin treatment 
of farm pond
Lake Providence (urban 
area) - U.S. Geological 
Survey Data (1980)
Lake Bruin (drains farm 
lands)
Lake St. John (drains farm 
lands)
1980, 1981, and 1983 U.S. 
Geological Survey data
Bayou Black - N of Intra - 
coastal Waterway, Amelia, 
(St. Mary Parish), LA.
122 d o ,p 1-DDT returned to 
pre-spray levels
2 h 0.003 - dieldrin
2 wk 0.035 - dieldrin
4 wk 0.011 - dieldrin
9 wk 0.02 - dieldrin
0.000029 - DDE 
0.000023 - DDD 
0.000003 - DDT 
<0.000001 - dieldrin 
<0.000001 - endrin 
<0.000001 - HE 
ND - Mirex
0.000078 - DDE 
0.000072 - DDD 
0.000009 - DDT 
<0.000001 - dieldrin 
ND - Mirex, endrin, HE
0.000036 - DDE 
0.000022 - DDD 
0.000007 - DDT 
0.000001 - dieldrin 
ND - Mirex, endrin, HE
1977- 0.3 - DDD 
1980 ND - aldrin, DDT, DDE, 
dieldrin, heptachlor, 
HE, and Mirex
Lower Calcasieu River - near 1977- <0.008 - aldrin
Gulf of Mexico (Cameron 1980 <0.004 - HE
Parish, La.)
Upper Calcasieu River - near 
Hollywood, La.
Chicot Pass at Myette Pt., 
Charenton, La. - near 
Atchafalaya Basin
ND
Fall, <0.001 - aldrin, DDD, 
1980- DDE, DDT, endrin, HE 
Fall, heptachlor, Mirex, 
1981 chlordane
<0.0001-0.002 - dieldrin
Lower Atachafalya Basin " 0-<0.0001 - aldrin,
at Morgan City (St. Martin DDD,DDD, DDT, endrin,
Parish) heptachlor, HE, Mirex
<0.001-0.003 - dieldrin 
<0.1 - chlordane
REFERENCES
1) Weatherholz et al., 1967
2) Jones and Moyle, 1963
3) Bridges et al., 1963
4) Lauer et al., 1966
5) Herring and Cotton, 1970
6) Meier et al, 1983
7) Elder and Mattraw, Jr., 1984
8) Smith et al., 1987
9) Hendrick, 1965 and Hendrick et al., 1966a,b
10) Cole et al., 1967
11) Lorio et al., 1976
12) Niethammer et al., 1984
13) Stallworth and Jordan, 1980 (U.S. Geological Survey)
Lurry, 1983 (U.S. Geological Survey)
Louisiana Water Year, 1981 (U.S. Geological Survey)
ND not detected
NSD not significantly different 
HE heptachlor epoxide
in nearby untreated watershed soils. Ponds contained 
higher amounts of residue in the winter than in the summer 
(Weatherholz, 1967).
Jones and Moyle (1963) found no correlation between 
the dose applied and the residues in the sediment of 
Minnesota ponds, which were treated with either DDT- 
bentonite or DDT-vermiculite granules as a mosquito control 
measure. However, Bridges et al. (1963) observed a rapid 
build-up of DDT in a Colorado farm pond sediment one day 
after a DDT treatment, which decreased 90% in two weeks, 
and to non-detectable levels after 12 months. The 
Apalachicola River, which drains portions of Alabama, 
Georgia and the Florida panhandle, is very similar to the 
Atachafalaya River in Louisiana, as both were once major 
distributaries of the Mississippi River. Elder and 
Mattraw, Jr. (1984) observed that different sediment 
fractions adsorbed varying levels of several pesticide 
residues.
Smith et al. (1987) compared the organochlorine 
pesticide levels in sediments upstream and downstream from 
five EPA "superfund" sites along the Upper Rockaway River, 
N.J. As expected, downstream sediments contained 
significantly greater amounts of all tested pesticides.
Cole et al. (1967) reported that p,p'-DDT residues in 
northern Pennsylvanian stream sediments returned to
prespraying levels 32 days after treatment, while o,p'-DDT 
required 122 days.
Aldrin (and its conversion product - dieldrin) from 
rice seed coatings showed variable migration in the 
ricefield sediments, depending upon the method of seed 
planting (Hendrick 1965 and Hendrick 1966a,b). Dieldrin 
residues in a treated Georgia farm pond, followed an 
erratic decay pattern: Nine weeks after the treatment,
nearly seven times the original sediment concentration 
level was still detected (Cole et al., 1967).
During the late 1950s and the early 1960s, numerous 
fish kills near sugarcane fields in south Louisiana were 
attributed to endrin, an isomer of dieldrin, that had 
runoff the fields. Lauer et al. (1966) reported the 
highest endrin residues in sediment and waters during the 
months of Sept. - Nov., 1964, after the sugar cane 
production season. These levels were believed to be 
sufficient to cause the reported fish kills.
PESTICIDE DEGRADATION
Extensive literature pertaining to the interactions of 
persistent organochlorine pesticides and soils exists. 
Although much of the information is not directly applicable 
to this study, several of the interactions are important in 
sediments.
Bollen (1958) described the loss of about 50% of the 
applied aldrin in 21 months. Large amounts dieldrin, which 
previously had not been applied, was detected. Normal soil 
tests could not explain the phenomenon. Microorganisms 
were considered insignificant as aldrin/dieldrin recoveries 
were similar in sterilized and non-sterilized soil. 
Lichtenstein and Schultz (1959a) reported that sandy loam 
converted up to 96% of all test concentration of aldrin 
into dieldrin. Silt and muck converted lesser amounts. 
Conversion increased in warmer soils (Lichtenstein and 
Schultz, 1959a). Fuhremann and Lichtenstein (1980) later 
reaffirmed that persistent residues remained attached to 
loam soils longer than onto sandy soils.
Lichtenstein and Schultz (1959b) observed that DDT 
(1.43X), aldrin (4.25X), and lindane (8.45X) were more 
persistent in muck soils, with a high organic content, than 
in silt soils. Four and one-half years after application, 
(Lichtenstein et al., 1960) recovered an average of about 
50% of the DDT, 10% of the aldrin/dieldrin, and 7% of the 
lindane from seven test fields in three Midwestern states. 
Cooler temperatures also increased persistence.
Lichtenstein and Schultz (1959b) reaffirmed earlier 
workers' observations of the conversion of aldrin and 
heptachlor into their epoxides: dieldrin and heptachlor 
epoxide, respectively. The epoxidation of heptachlor is
much slower than for aldrin (Lichtenstein and Schultz, 
1965).
Lichtenstein and Schultz (1965) reported the 
absorption and translocation of higher than test 
concentrations of persistent pesticides by a variety of 
crop plants.
Mulla (1960) observed the rapid loss of insect killing 
activity of test soils 24 hours - and then six days - after 
the application of DDT, endrin, and aldrin. Rosen et al. 
(1966) reported the rapid decomposition of dieldrin and 
endrin by ultraviolet (UV) light into photodieldrin. 
Surprisingly, the photodieldrin was twice as effective 
against the housefly (Musca domestica) as the parent 
compounds. Rosen and Sutherland (1967) also demonstrated 
the UV conversion of aldrin into photoproducts similar to 
photodieldrin: photoaldrin, which, also, was about twice as 
effective as the original compound.
Carter and Stringer (1970) observed that moisture and 
soil type, rather than organic content, were the primary 
factors influencing the permeability of heptachlor, aldrin, 
and endrin emulsions through layers of soil. Fuhremann and 
Lichtenstein (1980) determined that the mobility of 
pesticides through layers of soil was primarily a function 
of water solubility. The chemistry of the pesticide (its 
ability to degrade, its affinity for soils, and its 
volatility) was also important. Most persistent
organochlorine pesticides have very low water solubilities 
and show little permeatation through the soil. Water- 
soluble carbamates (such as carbofuran) readily penetrate 
multiple layers.
Juengst and Alexander (1976) reported that 43% of 
randomly selected (unidentified) marine sediment bacteria 
could convert 5-10% of in vitro supplied DDT into the 
water-soluble products DDD and DDE. An additional 35% of 
the bacteria could convert lesser amounts. The fungus, 
Mucor alterans. could produce different water-soluble 
products from DDT, and at a considerably faster rate.
PESTICIDES IN WATER
Because of their low solubilities in water, most 
persistent organochlorine pesticides seldom are found in 
large amounts in water bodies. The water solubilities for 
several of the important organochlorine pesticides are 
presented in Table 3.
TABLE 3. Solubilities for selected pesticides in mg/L 
aldrin - 0.27 (30°C) 
chlordane - insoluble 
dieldrin - 0.18 (30°C)
DDT - pract. insol. 
endrin - 0.23 (25°C) 
heptachlor - 0.56 (30°C)
(after Edwards, 1973a)
Pesticide concentrations from previously described 
crayfish (and other) studies are listed in Table 4.
Several other studies have described persistent pesticide 
levels in bodies of water. Warnick et al. (1966) observed 
detectable amounts of DDT, DDD, and DDE in 48 of 70 water 
bodies around Salt Lake City, Utah.
Henderson and Crosby (1968) obtained the same 
photolytic isomer of dieldrin when the pesticide was 
suspended in water as reported by Rosen et al. (1966), who 
investigated the reaction in soil. During an eight week 
laboratory study, Eichelberger and Lichtenberg (1971) 
reported that five of 12 tested organochlorine pesticides 
(including aldrin and heptachlor) chemically reacted in raw 
water of Little Miami River, Ohio. In two weeks, all the 
heptachlor had been converted into 1-hydroxy chlordene in 
addition to dieldrin. None of the DDT, DDD, DDE, endrin, 
dieldrin, or heptachlor epoxide changed, but 80% of the 
aldrin had. Runoff from treated fields is a primary means 
by which organochlorine pesticides are transported to 
bodies of water. Pesticide loading in runoff is dependent 
upon climatic factors (frequency, intensity, and duration 
of rainfall), physical properties of the soil, and the 
chemical and physical properties of the insecticides 
(Bradley et al., 1972). Small amounts of DDT were present 
in a small North Carolina farm pond water following runoff 
from a cottonfield (which used the highest amounts of

















0.45 kg/ha aerial appli­
cation of DDT to remote 
areas to control fall 
cankerworm
5 ppb dieldrin applied to 
farm pond






Louisiana 0.11 kg/45.5kg (seed) appli-
LSU Rice Exp. cation of aldrin - applied
St., Crowley as rice seed coating
(5)










<0.0000008 - DDD 
<0.000001 - dieldrin 
<0.0000006 HE 
ND - DDE and Mirex
Water plant method of 
rice planting: 
<0.00001 - aldrin 
<0.00019 - dieldrin 
Drill plant method of 
rice planting: 
<0.00014 - aldrin 
<0.0028 - dieldrin 
Water plant:
<0.000008 - aldrin 
<0.00017 - dieldrin 
Drill plant:











16 "outside the levee" lakes
delta
4 "inside the levee" oxbow 
lakes
Bayou Yokely (drains sugar- Sept. 
cane fields - heavy use 1964
of endrin in area) Nov.
1964
Bayou Teche - (also drains 
cane fields)
Bayou water prior to enter­
ing Franklin wastewater 
treatment plant 
Effluent from plant
48 bodies of water and wet­
lands around Salt Lake City
Runoff from cottonfields 
into farm pond 
pre-treatment 
1.12 kg/ha DDT application 
rate
2.24 kg/ha DDT application 
rate
0-0.0005 - DDE 
0-0.00014 - DDD 
0.0002 - DDT 
0.00001-0.00006 DDE 




0-0.00035 - aldrin 
0.0002 - dieldrin 
0.00024 - DDT 
0.0002-0.00023 - aldrin 
0.0002-0.0016 - dieldrin 
0.0001-0.0014 - DDT
24 of 48 sites: 
0.002-0.025 - DDE 
0.0014-0.0046 - O ,p '-DDT 
0.0006-0.002 - p ,p '-DDT





Louisiana E. Jefferson water-treatment
(10) plant surface water supplies
W. Jefferson - as above 
Mississippi River (mile 105) 1974
Malaysia
(11)
5 rice-fish polycultred ponds - 
no history of pesticide use 
provided
Louisiana





Bayou Black - N. of Intra- 1977
coastal Waterway, Amelia, 1980
La.
<0.1 - DDT
ND for 9/10 monitored 
organochlorine pesti­
cides
ND for all 10 pesticides 
0-0.0025 - heptachlor 
(peak - Jan.) 
0.00015-0.0018 - HE 
(peak July) 
0.0014-0.0098 - endrin 
(peak Sept.) 
0.0015-0.0039 - DDT 
(peak Sept.)
0-0.0035 - DDD 
(peak Jan.)
ND-0.5 - dieldrin 
ND-1.6 - DDT 
0.1-0.3 - DDD 
ND - DDE 
0.1-1.8 - aldrin
0-0.003 - DDT 
0.002-0.003 - dieldrin 
0.001-0.003 - endrin 
0-0.002 - HE 
ND-aldrin, DDD, DDE, 
and heptachlor
0-0.01 - HE 
ND - aldrin, DDD, DDE, 
heptachlor and Mirex
Lower Calcasieu River, near " No organochlorine pest- 
The Gulf of Mexico icides detected
Upper Calcasieu River, near 
Hollywood, La.
Chicot Pass at Myette Pt., 
Charenton, La.
Lower Atchafalaya Basin at 
Morgan City, LA.
1980 0-0.03 - dieldrin
1980- <0.001-0.0001 - dieldrin
1981 <0.001 - aldrin
chlordane, DDD, DDE, 
DDT, endrin, hepta­
chlor, HE, and Mirex
" <0.1 - chlordane
<0.001-0.003 - dieldrin 
<0.001 - aldrin, DDD, 
DDE, DDT, endrin, HE 
heptachlor, and Mirex
REFERENCES
1) Bridges et al., 1963
2) Cole et al., 1967
3) Lorio et al., 1976
4) Niethammer et al., 1984
5) Hendrick et al., 1966a,b
6) Herring and Cotton, 1970
7) Lauer et al., 1966
8) Warwick et al., 1966
9) Bradley et al., 1972
10) Brodtmann, 1976
11) Meier et al., 1983
12) Stallworth and Jordan, 1980 (U.S. Geological Survey, 1980)
Lurry, 1983 (U.S. Geological Survey, 1982)
LA. Water Year, 1981 (U.S. Geological Survey)
■^(Ref.) indicates the number of the reference in parentheses for the source of 
information.
2A11 data are reported in mg/1 unless stated otherwise. HE is the abbreviation 
for heptachlor epoxide. ND indicates not detected.
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persistent pesticides of any U.S. crop). A doubling of the 
DDT application rate (from 1.12 kg/ha to 2.24 kg/ha) 
resulted in a 40X increase in detectable levels of the 
insecticide in the water (Bradley et al., 1972)
Surface water supplies entering the East Jefferson 
(Parish), Louisiana waterworks contained non-detectable 
amounts of nine of the ten commonly monitored persistent 
pesticides. Only a small amount of DDT was present. No 
pesticide residues were detected at the West Jefferson 
plant (Brodtmann, 1976), although persistent pesticide 
residues were found in the nearby lower Mississippi River 
waters.
METALS IN CRAYFISH 
Toxicity Studies
Many researchers have studied the effects of various 
heavy and trace metals on a number of crayfish species. 
Pertinent studies involving both acute toxicity and 
deposition patterns are reviewed and their quantitative 
findings are compiled in Table 5.
_ Mercury. After the Minimata disaster of the 1950s and 
the mercury scares that closed many U.S. and Canadian 
waters to commercial and sport fishing, researchers studied 
a variety of aquatic organisms for mercury accumulation and 
toxicity. Several studies involving crayfishes are 
described. Because of their omnivorous feeding habits,
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crayfishes are ideal indicators of localized contamination. 
Heit and Fingermann (1977) reported that Louisiana female 
Procambarus clarkii and the smaller Faxonella clvoeata 
survived LC50 exposures that were lethal to males. Larger 
specimens of both species were better able to 
surviveexposure to mercury since adult Procambarus needed 
about three times longer exposure for 50% mortality to be 
evident, while adult Faxonella required about nine times 
longer exposure than the juveniles. At given exposure 
levels, a solution temperature of 3 0°C was four times more 
lethal to P. clarkii and about 25 times more lethal to F. 
clvoeata than 20°C solutions.
Cadmium. As a consequence of the cadmium-induced 
"Itai-Itai" outbreak in Japan, many papers studied cadmium 
and its affects on aquatic organisms.
Gillespie et al. (1977) reported that New York stream 
Orconectes prooinquus propincruus accumulated substantial 
amounts of 169Cd after 190.5 hrs exposure to a variety of 
solution concentrations (10, 100, and 1000 rag/L for 1.5 to 
190.5 hrs). After five month continuous flow-through 
chronic toxicity study, South Carolina river Cambarus 
latimanus showed no significant growth retardation from 
accumulated cadmium concentrations - from 0.02 to 10 ug/L - 
(Thorp et al., 1979).
Giesy et al. (1980) reported no significant difference 
between the uptake of cd from food (earthworms fed 169cd)
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and from the tested exposure level in water over 24 days by 
South Carolina P. acutus acutus. The rate of accumulation 
differed depending on the route of exposure and was not 
synergistic.
Thorp and Gloss (1986) reported that absolute 
mortality of New York Orconectes immunis in both laboratory 
studies (with and without pond water) and pond studies was 
not related to the tested exposure levels (up to 10 ug/L).
As many crayfish died in control aquaria as in test 
chambers.
P. clarkii from the heavily polluted (industrial and 
sewage) marshes and rice fields near Valencia, Spain have 
been marketed with little concern for sanitary controls. 
Diaz-Mayans et al. (1986a) subjected the crayfish to acute 
toxicity studies and analyzed gills, midgut, antennal 
gland, and abdominal muscle for Cd accumulation at 
different exposure levels. Colorado Orconectes virilis 
accumulated Cd from 0.4 mg/L and 7.4 mg/L exposure 
treatments in the gills, hepatopancreas, and antennal 
gland. The abdominal muscle concentrated approximately one 
percent of that in the gills (Mirenda, 1986b).
Copper. Copper is extremely toxic to several life 
stages of many marine crustaceans. Hubschmann (1967) 
reported that young and juvenile Ohio Orconectes rusticus 
were about 75X more sensitive than adults. At all exposure
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levels, the crayfish stored more copper in their thoracic 
tissue than in the abdominal muscle or in the claws.
Zinc. Zinc is highly toxic to many freshwater 
invertebrates analagous to copper with marine 
invertebrates. Since the metal is commonly found in 
industrial discharges, it has been well studied.
Giesy et al. (1980) reported that Zn (as 65Zn) was 
homeostatically controlled at rates dependent on the route 
of administration by South Carolina P. clarkii. Little Zn 
was accumulated from food. Colorado Orconectes virilis 
stored about 83% of the metal in the gills at the highest 
exposure levels. At all levels, the gills were the primary 
storage site followed by the hepatopancreas. Very low 
levels of Zn were found in the abdominal muscle (Mirenda, 
1986a).
Other Metals. Chromium, an essential, yet toxic metal 
was concentrated by Spanish P. clarkii (from heavily 
polluted marshes and ricefields) in different organs 
dependent upon the initial exposure level. At all test 
levels, from 10 mg/L to 500 mg/L, the abdominal muscle 
stored considerably less Cr than the gills, hepatopancreas, 
and mid-gut gland (Hernandez et al., 1986). Missouri 
Orconectes nais accumulated up to seven times more Pb when 
placed in contact with Pb-containing sediment than when 
they were suspended one cm above it. After reaching a peak 
accumulation in 21 days, the crayfish were able to





















Cd at 1.0 mg/1 exposure 
as CdCl2
Hg as HgCl2
0.005 mg/1 Cd (as CdCl2)
0.01 mg/1 Cd
0.005 mg/1 Cd at 34.29 C 
0.01 mg/1 Cd at 33.4 C
Cu (as CUSO4 .5H20)
Control (from Ohio creek) 
0.1 mg/1 Cu exposure level 
0.5 mg/1 Cu 11 "
1.0 mg/1 Cu " "
TIME EFFECT
96 h LC50 juveniles - 1.0
30 d Exposure threshold -
0.5-1.0 - adults 
2 wk Acute toxicity thresh­
old - 0.125
190.5h Concentrated 534.4 mg/kg 
Considered unsafe for 
human consumption





>95% survival - both 
sexes
Dead accumulated 14.90 
mg/kg - dry basis 
20% died
Dead accumulated 21.96 
mg/kg - dry basis 
All animals died 
All animals died













2.0 mg/1 Cu " "
3.0 mg/1 Cu 11 "
Pb
Crayfish caged and held 1 cm 
above sediment containing 
1000 mg/kg Pb
Crayfish in contact with 
sediment
Fed 109Cd and 65Zn earth­
worms to crayfish to 
monitor uptake and elim- 
ation of metals 
Water contained 0.005-0.01 
mg/1 Cd 
Exposure to 0.1 mg/1 Zn
Cr (VI) as Na2Cr04
Body accumulation study
10 mg/1 Cr exposure level 
37 mg/1 Cr exposure level 
136 mg/1 Cr exposure level 



















Accumulated 0.24 ug/day 
from food and 0.0001 
ug/day from water
Accumulated 0.018 Zn 
(dry basis) - 25% 
increase above control
Steady state rate for 
17 days, which did not 
fit math models.
Homeostatic regulation
control: 52.7 mg/kg Cr 
(dry basis/whole body) 
storage: digestive 



















5.2 mg/1 Zn exposure 
level





Acute Cd toxicity study 
Lab water 
N .Y . pond water 





Acute toxicity study - Cd 
Subacute toxicity study - Cd 
Accumulation












LC50 - 10 mg/1 Cd 
total lethality-1.5 Hg 
80% lethality-500 Cr 
NSD
LC50 - 84 Zn
(high tolerance level)
Survivors stored 29.3 
(as is basis/whole 
body) in gills > 
hepatopancreas > 
abdominal muscle 
Survivors stored 346.2 
in gills (9x) > 
hepatopancreas
LC50 > 10 mg/1 Cd 
Same as above 
Same as above
h LC5q - 6.1 mg/1 Cd 
EC50 - 0.70 mg/1 Cd
28.4 mg/kg (as is basis/ 
whole body) in gills 
(2.5X) > hepatopancreas 













Organ concentration of Cd 
0.032 mg/1 Cd exposure
0.1 mg/1 Cd exposure
Acute toxicity of Hg and Cd 
at diffent temperatures 
(HgCl2 and CdCl2 .H20)
Cd at 20 C
Cd at 28 C
Hg at 20 C
Hg at 28 C
" 146.6 mg/kg; stoarge
same as above, except 














2) Gillespie et al., 1977
3) Doyle et al., 1976
4) Heit and Fingerman, 1977
5) Thorp et al., 1979
6) Evans et al., 1980
7) Knowlton et al., 1983
8) Giesy et al., 1980
9) Hernandez et al., 1986
10) Diaz-Mayans et al., 1986b
11) Mirenda, 1986a
12) Thorp and Gloss, 1986
13) Mirenda, 1986b
14) Diaz-Mayans et al., 1986a
15) Del Ramo et al., 1987
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Clay Lake, Ont., Canada 
most polluted lake in 
Canada at the time 
Lake Wimmipegosis, Man., 
Canada, lightly polluted
Accumulated 0.946 Hg in 
abdominal muscle 








Heavy metal accumulation in 
crayfishes from the Fox River,
fishes from the Fox River, 
fishes from the Fox River, 







1.60 mg/kg - Cd
88.61 mg/kg - Cu
25.68 mg/kg - Pb 
107.12 mg/kg _ Zn
2.77 mg/kg -Cd 
58.10 mg/kg - Cu 
15.73 mg/kg - Pb
64.68 mg/kg - Zn
1.74 mg/kg - Cd 
94.76 mg/kg - Cu
15.62 mg/kg - Pb 




Studied crayfish from fast - 
flowing water and from pools 
in Fox River near E.lgin, IL
(description as above) and 
from fast-flowing water near 
Algonquin, IL - a rural, farm 
community
Elgin - fast water
Elgin - pool
Algonquin - fast water
Algonquin - pool
All values - dry basis/ 
whole animals
2.22 mg/kg - Cd 
64.27 mg/kg - Cu 
27.39 mg/kg - Pb
78.30 mg/kg - Zn
1.04 mg/kg - Cd
61.24 mg/kg - Cu 
8.41 mg/kg - Pb 
87.07 mg/kg - Zn
I.09 mg/kg - Cd 
71.32 mg/kg - Cu
II.33 mg/kg - Pb
101.30 mg/kg - Zn
Not analyzed
No significant differ- 
between sex and metal 
concentration 
No significant differ­
ence between size 






(4) Compared 2 species of Tn.
of cave-dwelling crayfishes 
to determine differences 
in metal concentrations
0 . virilis - obligate cave 
cave dweller
Cambarus tenebrosus
Mean dry basis 
comcentrations
Cd - hepatopancreas 
(3.6 mg/kg)> green 
gland (1.8 mg/kg)> 
gill (1.7 mg/kg) 
muscle = 0.4 mg/kg 
Cr - gill (3.4 mg/kg)> 
muscle (2.7 mg/kg)> 
carapace (1.9 mg/kg) 
hepatoprancreas = 
0.9 mg/kg 
Cu - hepatopancreas 
(584.9 mg/kg)> gill 
(351.8 mg/kg)> green 
gland (254.2)
muscle = 71.9 mg/kg 
Pb - gastrolith (48.0 
mg/kg)> green gland 
(28.0 mg/kg)> gill 
(23.2 mg/kg) 




(106.6 mg/kg)> muscle 
(91.3 mg/kg)> gill 
(36.9 mg/kg)
Cd - hepatopancreas 
(2.4 mg/kg)> gill 
(0.5 mg/kg)> green
gland (0.3 mg/kg) 
muscle = 0,4 mg/kg 
Cr - muscle (3.1 mg/kg)> 
gill (2.0 mg/kg)> he­
patopancreas (0.5 mg/ 
kg)




muscle = 37.7 mg/kg 
Pb - green gland - (5.1 
mg/kg)> gastrolith 
(1.9 mg/kg)> gill 
(1.1 mg/kg) 




(309.9 mg/kg)> muscle 








0. propinouus - 0.179 
O. rusticus - mg/kg - 
range for all 3 sp's
Wisconsin River, WI 
Heavily utilized by pulp, 
paper, and chloralkali 
Industries - all discharged 
Large amounts of Hg into the 
river
Hg content - abdominal 
muscle (as is basis)
O. virilis - 0.07-0.56 
mg/kg
0 . diogenes - <0 .020-
Hg concentrated in mus­
cle correlated with Hg
in sediment, but - Hg 
concentration in sed­
iment not correlated 
with industry location
Highest Hg concentration 







From SE Missouri 
region
"lead belt" Upstream controls
(dry basis/whole body)
Pb - 22-38 mg/kg 
Zn - 74-76 mg/kg 
Cu - 11-39 mg/kg 
Mn - 151-565 mg/kg 
Cd - 2.6-3.4 mg/kg
Downstream (past numer­
ous lead mines)
Pb - 21-155 mg/kg 
Zn - 72-97 mg/kg 
Cu - 86-148 mg/kg 
Mn - 66-1550 mg/kg 
Cd - 1.8-4.6 mg/kg
Little concentration of 





5 sites in Louisiana: 
Vermilion Parish and 
inside the Atchafalaya
Spr., Metal ranges = 5 sites 
1975 ( ) = site with high­
est concentration
"Fat" (hepatopancreas) - 
as is basis
Cu - 4.8-69.9 mg/kg 
(Verm. P. ricefield 
irrigated by Vermil­
ion River)
Ni - <0.1-3.2 mg/kg
(marsh pond - Verm. P. 
irrigated by White 
Lake water)
Cr - <0.1 mg/kg - all 
sites
Pb - <0.1-0.9 mg/kg - 
(Verm. P. - rice field 
irrigated with deep 
well water 
Hg - <0.1 mg/kg - all 
sites
As - <0.1 mg/kg - all 
sites
Zn - 4.5-25.0 mg/kg - 
(Verm. P. - Pecan 
Island salt marsh) 
Cd - <0.1 mg/kg - all 
sites
Fe - 3.0-140 mg/kg - 






West Coast commercial 
species 
"Igloo"-caged crayfish were 
placed in Lake Washington, 
Seattle:
Crayfish placed in con- 
sites showed no sig­
nificant difference 
in metal concentra 
from controls, placed
Site 1 - outfall from a 
major highway runoff 
collection system 
Site 2 - outfall from a 




in uncontaminated area 
of lake.
Many crayfish died dur­
ing 14 days in the 
lake.
Many lab. accidents di­
minished sample sizes 
to three. Extreme 
flucuations resulted.
Metal storage in organs: 
as is basis, in order 
of highest concentr- 
tion in survivors
Hg - abdominal muscle 
(0.11 mg/kg); exoskel­
eton (0.02 mg/kg); 
viscera (<0.008 mg/ 
kg)
Cd - abdominal muscle 
(1.4 mg/kg); viscera 
(0.64 mg/kg); exoskel­
eton (<0.8 mg/kg)
Cu - viscera (70.16 mg/ 
kg); exoskeleton 
(<4.5 mg/kg); viscera 
(1.76 mg/kg)
Pb - exoskeleton (<0.45 










s p . Lahontan Reservoir, Nevada 
receives much of the flow 
of the Carson River - 
100+ year history of 
precious metal mining - 
considerable Hg dis­
charged into river 
waters
Sudbury, Ont., Canada lakes 
near major Cu, Ni smelters
Wizard Lake - 150 km from 
smelters (controls)
Ramsey Lake - 12 km downwind 
from smelters
Joe Lake - 30 km downwind from 
smelters
0.57-5.72 mg/kg Hg - as 
is basis - in abdomi­
nal muscle
Hg concentration in 
crayfish is much 
greater than found in 






Hepatopranceas - 111 
mg/kg Cu
Digestive gut - 28 mg/ 
kg Cu
Abdominal muscle - 50 
mg/kg Cu
Ramsey
Hepatopancreas - 1986 
mg/kg
Digestive gut - 601 mg/ 
kg Cu
Abdominal muscle - 100 
mg/kg Cu
Joe
Hepatopancreas - 996 mg/ 
kg
Digestive gut - 182 mg/ 
kg




























Spanish marsh near Gulf of 
Cadiz









Analyzed metal contents in 
crayfish from non-acid lake 
and recently neutralized 
lake
Joe Lake - non-acidic 
pH - 6.3
Nelson Lake - neutralized 
pH - 6.5 (up from 5.7)
Mean concentration of 



































Procambarus Spanish crayfish - in
clarkii marshes around Guadal-
(13) quivir River - 300





3) Anderson and Brower 1978
4) Dickinson et al., 1979
5) Sheffey, 1978
6) Gale et al., 1973





in tissues - as is
Pb
Exoskeleton - 14.472- 
16.595 mg/kg
Abdominal muscle - 
0.160-0-.450 mg/kg
Peak conc. - muscle - 
August
Peak conc. - exoskeleton 
May
Cd
Exoskeleton - 0.543- 
0.751 mg/kg
Abdominal muscle - 
0.22-0.36 mg/kg
Peak conc. for both - 
May and September
h-»
8) Stinson and Eaton, 1083
9) Cooper, 1983
10) Bagatto and Alikhan, 1987a,b
11) Rincon et al., 1987
12) Bagatto and Alikhan, 1987c
13) Rincon-Leon et al., 1988
eliminate up to five times the previously accumulated 
metal. In most cases, small specimens proportionally 
stored more Pb over the study period than did medium or 
large specimens (Knowlton et al., 1983).
Diaz-Mayans (1986b) reported no significant difference 
in oxygen uptake by excised gills of Spanish P. clarkii 
under test exposure levels of Hg, Cr, and Cd. Of the three 
metals, Hg was most toxic to the crayfish in separate acute 
toxicity studies. Del Ramo et al. (1987) observed that 
increasing test solution temperatures from 20°C to 30°C 
markedly increased the mortality of Spanish P. clarkii. 
About one-sixth the Hg and one-third the Cd exposure 
concentrations were required to induce 50% mortality.
Field Studies
Crayfishes, along with other aquatic organisms 
obtained from their natural ecosytems, have provided 
valuable information regarding metal fluxes through various 
trophic levels. Since crayfishes play an important role in 
nearly every aquatic ecosystem, they have been the subject 
of numerous research studies. Quantitative data from these 
papers are reported in Table 5.
Vermeer (1972) compared mercury residue concentration 
in Orconectes virilis from three Canadian lakes. One, Clay 
Lake, was considered to be one of the most mercury- 
contaminated in Canada. Clay Lake specimens stored about
eight times the Hg in the whole body and up to 10 times in 
the abdominal muscle compared to specimens from less 
polluted study lakes.
Anderson (1977) and Anderson and Brower (1978) 
analyzed the whole animal concentration of Cd, Cu, Zn, and 
Pb. Later, the deposition patterns in several genera of 
crayfishes (Orconectes. Procambarus. and Cambarus  ̂ and 
other invertebrates, which were collected from fast-moving 
water and pools near a large, industrialized urban area and 
from fast-moving water upstream near a rural area in the 
Fox River, Illinois were compared. Significantly higher 
levels of Cd and Pb were found in the fast water near the 
urban area than in the pool or in the rural fast water. No 
significant difference between sexes in metal uptake was 
observed. Crayfish concentrated the metals in the order of 
Cd<Pb<Cu<Zn. Except for Zn, the abdominal muscle stored 
the least of the analyzed metals. Cd and Cu were primarily 
stored in the gills, Pb in the exoskeleton, and Zn in the 
viscera.
Cd and Pb concentrations in nearly all tissues of 
Orconectes australis australis, an obligate cave dweller, 
were significantly higher than in Cambarus tenebrosus. a 
facultative cave dweller, of a Tennessee cave stream.
Tissue deposition patterns with corresponding 
concentrations for 10 metals were reported by Dickson et 
al. (1979).
Orconectes virilis collected downstream from known 
industrial Hg discharge point sources on the Wisconsin 
River, Wisconsin concentrated substantially more Hg in 
their abdominal muscle than upstream specimens (Sheffy, 
1972). Similarly, unidentified
crayfish collected below lead mining operations in 
southeastern Missouri generally accumulated greater amounts 
of Pb, Cu, and Cd than their counterparts upstream of the 
mining. Zn levels were nearly constant in all specimens. 
(Gale et al., 1973)
Bernard and Roy (1977) analyzed hepatopancreatic 
tissue storage levels of 18 metals in Louisiana P. clarkii. 
which were collected from two ricefields, two marsh ponds, 
and on the Western edge of the Atchafalaya Basin. No 
abnormally high levels of essential or non-essential trace 
metals were observed.
Pacifasticus leniusculus. placed in areas of Lake 
Washington, Washington with known contamination levels, 
were analyzed by Stinson and Eaton (1983) to determine 
changes in accumulation patterns of Hg, Cd, Cu, and Pb in 
several tissues. Those from the most contaminated sample 
area primarily stored Hg in the abdominal muscle, Cd and Cu 
in the viscera, and Pb in the exoskeleton. Females 
significantly stored less lead in the whole body, muscle, 
and exoskeleton. In general, females also stored less,
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although not significantly less, Cd in the whole body, 
viscera, and exoskeleton.
Pacifasticus sp. obtained from a Nevada reservoir, 
whose waters had received mining wastes for more than a 100 
years, concentrated extremely high (up to 5.72 mg/kg) 
levels of Hg in their abdominal muscle. Larger individuals 
stored greater amounts of the metal than smaller 
individuals (Cooper, 1983).
Bagatto and Alikhan (1987a,b) compared the deposition 
patterns and concentrations of Cu, Cd, Ni, Fe, Mn, and Mg 
in Orconectes virilis and Cambarus bartoni from a lake 
immediately downwind from the Sudbury, Ontario (Canada) 
smelters with crayfish in two lakes farther removed. The 
workers reported a general relationship between crayfish 
tissue concentrations at the three sites of Cd<Ni<Cu (1987a 
study) and Zn<Fe<Mn<Mg (1987b study). Distance from the 
smelters was significantly inversely correlated with metal 
concentrations, as would be expected.
Bagatto and Alikhan (1987c) reported, that except for 
exoskeletal concentrations of Cu, Cd, and Zn, adult 
intermolt C. bartoni individuals from a neutralized acid 
lake (a former acid lake, from smelter emissions, which was 
treated with Ca(0H)2 and CaC03) and individuals from a non- 
acidic lake in Ontario, Canada showed no significant 
difference in tissue storage levels for Cu, Cd, Ni, Zn, Mn, 
and Mg.
Rincon et al. (1987) substantiated the findings of 
earlier workers that P. clarkii from Spain showed a 
significant relationship between animal size and Hg 
accumulation. Rincon-Leon et al. (1988) reported a 
significant correlation between size and Pb accumulation in 
the abdominal muscle of the same crayfish. Cd and Pb 
concentration levels in the muscle and exoskeleton were 
reported monthly between April and September, 1985.
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METALS IN SEDIMENTS
Because of their partial detritivorous feeding 
behavior, crayfishes ingest large amounts of sediment along 
with the decayed organic vegetable material. Metal 
residues in sediment are reported in Table 6 .
Sediments in bodies of water which have a long history 
of receiving wastes from mining operations often contain 
substantial amounts of metal residues. The Coeur D'Alene 
River (Maxfield et al., 1974a) and the Coeur D'Alene Delta 
(Maxfield et al., 1974b) have a history of fish and 
waterfowl kills because of the high metal residue loadings 
in their sediments. For over 80 years tailings from 
various mining operations have been discharged into the 
river. The workers reported that various components of the 
sediment had preferential affinities for certain metals: Pb 
- clay>organic matter>silt>sand; Zn - clay>silt>organic 
matter>sand; and Cd - high only in silt. No uniform pattern 
of metal deposition as related to distance from the river 
mouth was observed. Vivian and Massie (1977) summarized 
the Cd, Cu, Ni, Pb, and Zn residue loadings over one year 
for the River Tawe, South Wales (Aust.), an area with a 250 
year history of nearby mining operations. Moore (1980) 
summarized the residue loadings in the sediments of a small 
eutrophic lake in the Northwest Territories (Canada) as 
distance from the discharged tailings increased. A strong 
negative correlation between the concentrations of most
TABLE 6. Culmination of pertinent studies in the literature dealing with metal 










16 pulp and paper mills and 
chloralkali plants between 
km 120-340 
Upstream of km 340 - use as
controls
Elgin - large, industrial­
ized city on river banks
Algonquin - small, rural 
community, surrounded by 
farm land
Sample areas of various con­
tamination levels:
High contamination - outfall 
for major highway drainage
TIME EFFECT
Km 340 - 24.02 Hg 
in sediment
Controls - <6.0
Hg at all sampling 
sites
Crayfishes and fishes at 
km 340 also concen­
trated the most Hg.
Elgin: Cd - 5.35 
CU - 25.29 
Pb - 161.66 
Zn - 101.90
Algonquin:
Cd - 0.54 
CU - 10.16 
Pb - 19.22 
Zn - 43.44
Cu - 58 
Hg - 0.20
invo
Moderate contamination - out­
fall for combined sewer 
overflow and rain runoff
Cu - 96 












Control area - relatively un 
contaminated portion of 
lake
80 year history of precious 
and heavy metal mining - 
tailings, etc. discharged 
into river
Many bird and fish kills 
have occurred in the area 
from the high metal levels
Sampled heavily polluted S. 
Fork of lake
Mining history as above
Sampled areas 1200-12,500 
km from delta
Urban lake with heavy 





Average of sample sites:
Cd - 43 
Cu - 115 
Pb - 3700 
Zn - 3800
Cd - 90 
Cu - 125 
Pb - 4800 
Zn - 3300
Peak Pb, Zn, and Cd - 
4000 km upstream from 
delta
Peak Cu - 1300 km up­
stream from delta
Max. concentration 100 m 
from north shore storm 
drain:
River Tawe, S. 250 year history of
Wales, Aust. metal smelting
(7)
In all cases, metal con­
centration decreased 
with increased dis­
tance from storm 
drain.
Other metals peaked at 
various distances:
Ni - 210 
Cu - 160 
Co - 23
Large flucuations in 







Zn peak - near steel 
plant
All others - peak at 
an area of flocula- 
tion and an area of 
suspended material 
deposition
VA streams Studied affect of highway
(9) traffic volume and con­








Received large amounts 
of gold-mining tailings
Tailings piled near shore
Average concentrations: 
light traffic - heavy 
traffic
Pb - 4.0-8.1 
Zn - 7.9-13.2 
Ni - 0.9-1.6 
Cd - 0.02-0.04
Metal concentrations:





















ation between most 
metals and organic 
content of lake, be­
cause the metals had 
to leach from crushed 
rock,amalgams, and as­
sociated metals.
Extremely slow transport 
of metals - no lake 
turnover, no water 
flow
1972- Decrease in Hg-loading 
1976 from 2-24 fold
Estimated half-life in 
river to be 0.95-2.6 
years
Coarse-grained sand ac­
cumulated 300X the Hg 
as in water
Fine-grain sand - 2000X
Organic sediment - 3000X









N. pike (Esox lucius) 
8000X
Biomagnification of Hg 
over water concen­
tration
Mississippi River drains 
40% of the contiguous 
U.S. - carries 60% total 
dissolved solids and 60% 
total suspended solids 
transported to the oceans.
Data from core samples.
Uniform deposition in 
mid-delta indicates 
Fe, Al, Cu, Zn,Ni,Cr, 
V. and Co deposition 
has been uniform over 
past 75 years.
Pb conc. has increased 
because of leadtetra- 
ethyl "anti-knock"add- 
ed to gasoline.
Surface Cd conc. - 2X of 
1950 level 
Anthropogenic inputs of 
Pb on order of 6000 
tons and Cd 300 tons 
from the Miss. River 
to the Delta
5 "superfund" sites along 
river.
Controls from upstream Cd, Cr, Cu, Pb, Hg, Ni,






Values of metal associ 
ated with very fine 
(<20 um)
U.S. Geolog- Baptiste Collette Bayou,

















As - 2-20 
Cd - <0.2-3.0 
Cr - 30-100 
CU - 20-50 
Pb - 7-50 
Ni - 15-70 
Zn - 20-150 
Co - 10-30
1978 As - 0-10
Bayou Black - 0.6 mi. N 
of Intracoastal Water­
way, Amelia, LA
Calcasieu River, near 
Gulf of Mexico
Upper Calcasieu River, 
near Hollywood, LA




























2) Anderson and Brower, 1979
3) Stinson and Eaton, 1983
4) Maxfield et al., 1974a
5) Maxfield et al., 1974b
6) Wisseman and Cook, 1977
7) Vivian and Massie, 1977
8) Garcia and Kidd, 1979
9) Van Hassel et al., 1980
10) Moore, 1980
11) Miller, 1979
12) Presley et al., 1980
13) Smith et al., 1987
14) Elder and Mattraw, Jr., 1984
15) Stallworth and Jordan, 1980 and Lurry, 1983
^■(Ref.) Indicates the number of the reference in parentheses for the source 
information
2 All data are reported in mg/kg, unless otherwise indicated.
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metals and the organic content of the sediment was 
observed. The relatively low residue levels observed may 
have resulted from the slow leaching from waste discharges, 
which consisted of crushed rock, associated metals, and Hg- 
amalgams, rather than the fine, clay-like tailings normally 
associated with mining operations.
Garcia and Kidd (1979) observed that the low Hg 
residue levels in the upper one-third of the Elephant Butte 
Reservoir, Nevada resulted from the high silt levels which 
did not allow the sediment to settle. This region also 
contained little organic matter in the sediment. As the 
sediments stabilized, and as they contained increased 
amounts of organic material, the amount of Hg residue 
detected increased.
Besides mining operations and industrial discharges, 
metals enter the aquatic ecosystems from leaching of 
hazardous waste dumps and from automobile traffic 
emissions. Sediment samples collected downstream from five 
EPA "superfund" sites on the Upper Rockaway River, New 
Jersey contained significantly higher amounts of Cd, Cr,
Cu, Pb, Ni, and Zn than upstream samples (Smith et al.,
1987). Sediments from Virginia stream sections paralleling 
roads with heavy vehicular traffic contained significantly 
higher concentrations of Pb, Ni, and Zn than stream 
sediments near lower traffic areas. Cd concentrations were 
similar at all sites (Van Hassel et al., 1980). Pb is
derived from the tetraethyl lead antiknock additive in 
gasoline, Ni comes from diesel fuel and lubricating oils, 
and Cd and Zn come from tires.
Core analyses of the Mississippi River delta (Presley 
et al., 1980) revealed strong anthropogenic additions of Cd 
and Pb over past several decades; Pb residues have 
increased by 70%, while Cd residues have increased by 200%. 
Pollutant fluxes from the river to the delta are about 6000 
tons/yr for Pb and about 300 tons for Cd. Al, Cd, Cr, Fe, 
Pb, and V adsorbed to river particulates are essentially at 
the same concentration as the delta sediments, while Co,
Cu, Mn, Ni, and Zn concentrations are 20-40% higher in the 
delta. The Mississippi River transports about 60% of the 
total dissolved solids and about 66% of the total suspended 
solids to the oceans from the continental U.S. (Presley et 
al., 1980). These facts are important to this study, 
because the Atchafalaya River - which floods the 
Atchafalaya Basin (where two of our collection sites were 
located) - is the last major distributary of the 
Mississippi River.
METALS IN WATER
Because of their extremely low solubilities, heavy and 
trace metals are seldom found in high concentrations in 
water. All papers which had included either metal analyses 
of the water with crayfish studies or metal analyses of the
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water with the sediments have been discussed. The findings 
in these papers are culminated in Table 7.
TABLE 7. Culmination of literature on the metal residues found in water. 












Controls - 2 sites above 
all mining activites
13 sample sites in and 
below mining area
Elgin, IL - industrialized, 
urban area
Algonguin, IL - rural comm­
unity, surrounded by farm 
lands
Range of means from 
sample sites
Unfiltered samples
Pb - 0.011-0.0212 
Zn - 0.17-0.39 
Cd - <0.10 
Cu - <0.10
Pb - 0.090-0.044 
Zn - 0.010-0.134 
Cd - <0.01 
Cu - <0.01-0.018
Both sites have the same 
concentration levels:
Cd <0.00007 
Cu - 0.0001 
Pb - 0.022 
Zn - 0.002
Pulp, paper, and chloralkali 
plants along banks dis­
charged considerable Hg 
into river
Controls - upstream from all Approximately 0.12-0.20
industry Hg




River Tawe, 250 year history of precious
S. Wales (Aust.) metal mining activies
(4)
History of high metal contents 




Virginia Compared concentration of
streams metals in water near roads
(6) with heavy traffic, medium,
and light traffic
Dissolved metal content 
range of sample areas
Cd - 0.0009-0.0080 
Cu - 0.0019-0.0097 
Ni - 0.0050-0.0171 
Pb - 0.0041-0.0085 
Zn - 0.0120-1.430
Hg - range of samples 
0.022-0.029
Traffic flow:











Large increase in area popu 
lation may have increased 
metal input into nearby 
lakes
Metal data from 1973-1977 
TVA measurements
U.S. EPA Recommended or 
Mandatory Drinking Water 
Standards (1973)
Zn - 5 mg/1; Mn - 0.05 mg/1; 
Pb - 0.05 mg/1; Hg - 0.002 
mg/1; Cd - 0.01 mg/1;
Cu - 1 mg/1
U.S. Geological Survey data 1978 
1980, 1981, 1983
Baptiste Collette Bayou, 
Venice, LA
Range of metal contents 
of river water in TVA 
area
Zn 0.0011-1.14 
Mn - <0.0002-0.637 
Pb - <0.0004-0.0018 
Hg - <0.00002-0.00035
Cd - 0.0001-0.0004 
Cu - 0.001-0.0068
Dissolved metals 
Ranges for several areas 
As - 0.001-0.002 
Cd - 0.001-0.002 
Cr - 0-0.002 
Cu - 0.003-0.008
U>
Bayou Black, Amelia, LA tf
Calcasieu River near Gulf 
of Mexico
1977
Pb - ND 
Hg - ND 
Ni 0.003-0.005
As - 0.001-0.004 
Cd - ND 
Cr - 0-0.010 
Cu - 0.003-0.005 
Pb - ND 
Hg - ND 
Ni 0-0.002
As - 0-0.002 
Cd - ND
Cr - 0.010-0.020 
Cu - 0.001-0.009 
Pb - 0-0.020 
Hg - ND 
Ni - 0-0.002
Upper Calcasieu River, 
near Hollywood, LA
1980
Chicot Pass at Myette Point 1980 
Charenton, LA 1981
Lower Atchafalaya Basin at 1980 
Morgan City, LA
As - 0.001-0.009 
Cd - 0-0.001 
Cr - ND
Cu - 0.004-0.006 
Pb - 0-0.003 
Hg - 0-0.00001 
Ni - 0-0.003
As - 0.001-0.002 
Cd -0-0.001 
Cr - ND
CU - 0.002-0.006 
Pb - 0-0.006 
Hg - 0-0.00001 
Ni - 0-0.003 
As - 0.001-0.002 
Cd - <0.001-0.001 
Cr - 0-0.010 
Cu - 0.003-0.011
' • s iUi
Pb - 0-0.003
Hg - 0-0.00003 
Ni - 0-0.003
REFERENCES
1) Gale et al., 1973
2) Anderson and Brower, 1978
3) Sheffy, 1978
4) Vivian and Massie, 1977
5) Garcia and Kidd, 1979
6) Van Hassel et al., 1980
7) Young and Blevins, 1981
8) Stallworth and Jordan, 1980, Lurry; 1983; and, LA Water Year, 1981
All U.S. Geological Survey data
^(Ref.) indicates the number of the reference in parentheses for the source of 
information
2 All data are reported in mg/kg unless stated otherwise.
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METHODS AND MATERIALS
S a m p l i n g
Forty-pound sacks of crayfish were obtained from 
sample sites three times during the growing season, at the 
beginning of season, at the peak of the season, and towards 
the end of the season. During the 1986 season, samples 
were obtained from three double-cropped rice fields: at the 
LSU Rice Experimental Station (Crowley, La.), near Branch 
(Acadia Parish,) and near Breaux Bridge (St. Martin Parish) 
and two Atchafalaya Basin ("Basin") sites: "Upper" Basin, 
near Henderson (St. Martin Parish) and "Lower" Basin, north 
of Morgan City (St. Mary Parish.) In 1987, the Crowley 
Rice Experiment Station pond and a pond south of Kaplan 
(Vermilion Parish), in addition to the two Basin sites were 
used for sampling.
Production in the ponds begins about 4-6 weeks before 
the Basin, mostly because the shallow water warms faster. 
Early samples from the ponds ranged from mid-January to 
late February, peak samples were collected from late March 
through April, and late samples were from late April to 
mid-June. Weather conditions and water temperature, and 
the ambition of the farmers, dictated the timing for 
sampling. Sediment and water samples from each site for 
each time of season were also obtained and maintained at 
4°C until analyzed.
Live crayfish kept on ice were "deheaded" - abdomen
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was separated from the cephalothorax, and the abdominal 
muscle (generally called "tail meat") and the 
hepatopancreas ("fat") were removed and kept separately.
The muscle was lightly rinsed to remove any adhering 
foreign material. Muscle tissue was vacuum sealed in 
commercial heavy duty bags (three mil thickness), while 
the hepatopancreatic material was placed in cleaned and 
rinsed glass jars. All prepared samples were frozen and 
stored at -20°C. Five to seven 250-500 g bags of abdominal 
muscle and three to five 50-100 g jars of hepatopancreas 
material were preserved.
No attempt was made to separate the crayfish by sex, 
size, or species during the peeling procedure. White river 
crayfish were noticable only in 1986 season from early and 
peak Upper Basin and St. Martin Parish samples and none 
were detected in 1987 samples. Crayfish of varying sizes 
and in various molting stages were observed in all sacks. 
Since three-quarter inch trap mesh is required for 
commercial wild harvest, extremely small Basin crayfish 
were not encountered. Often, though, stunted "type 1"
(Huner and Barr, 1984) males were observed in samples from 
the Crowley Rice Station and western pond samples. A 
general darkening of color and shrinkage of the 
hepatopancreas was detected in the type 1 males and in 
"senile" (old, spent) males. Frequently, a small shrunken 
abdominal muscle was found in the seniles. Only
microsporidial infested ("cotton" tail) specimens, were 
excluded.
Sample Preparation for Metal Analysis
Frozen tissue samples were allowed to thaw at 4oC. 
Approximately 25 g of muscle was randomly removed from a 
sample bag. The individual abdominal muscles were teased 
apart with normal laboratory tools and mixed to produce a 
reasonably homogeneous sample. For the hepatopancreatic 
tissue, the entire sample jar was mixed with a spatula to 
achieve homogeneity.
Three one g samples of each tissue were cold digested, 
in standard digestion tubes, overnight with 5 ml 
concentrated nitric acid. National Bureau of Standards 
(NSB) oyster and bovine liver standards, Canadian National 
Bureau of Research Council lobster (Homarus americanus) 
hepatopancreas standard, and reagent blanks were prepared 
simultaneously. All samples were digested to completion, 
1-3 hr, in a standard block digester at 130°C. After the 
samples were cooled, they were filtered through Whatman No. 
42 paper and diluted to 50 ml with glass-distilled water.
Triplicate samples of sediment were prepared according 
to Page (1982). Ten g were oven dried for 48 h at 110°C 
prior to ashing for 4 h in a muffle oven at 400C. Reagent 
blanks, 500 mg sediment samples, and 500 mg riverine 
standard samples were digested with 10 ml concentrated HF
and 1 ml concentrated aqua regia overnight. Sufficient 
saturated boric acid solution was added to each sample in 
Nalgene bottles to bring the total component weight to 
lOOg. Boric acid is used to solubilize the samples. The 
bottles were tightly capped and left at room temperature 
overnight. The samples were filtered through Whatman No.
42 paper.
The water samples were shaken to achieve uniformity 
prior to filtering through Whatman No. 42 paper to a 50 ml 
level.
Inductively Coupled Plasma Emission Spectrometry
A model 34100 Applied Research Laboratory (Sunland, 
California) Inductively Coupled Plasma Emission 
Spectrometer (ICP), equipped with a DEC PDP 1103 computer 
and Applied Research supplied software, was used to analyze 
the filtered samples. The program for this instrument 
simultaneously separates and quantifies 27 elements.
Weights of all samples, accurate to 0.1 mg, were entered 
into the computer, which reported the results for the 
tissues and sediment as mg/kg and for water as mg/1.
Reagent blanks and digested standards were added to the 
autosampler carousel for analysis with the test samples. 
Samples were placed in the autosampler carousel in the 
following manner: water samples were placed first, followed 
by the abdominal muscle tissue, followed by the
hepatopancreatic tissue, and finally by sediment. Duplicate 
2 ml aliquots of each sample were analyzed.
ICP-generated data were analyzed with the Statistical 
Analysis System (SAS, 1985) generalized linear model 
program, which performed analysis of variance on the means 
and determined the probability of difference between the 
least square means for each metal in each sample with the 
other locations or seasons. An alpha level of 0.01 was 
used to determine significance.
Crayfish Tissue Clean-up Procedures for Pesticides
Samples of abdominal muscle (25g) or hepatopancreatic 
tissue (10 g) were obtained from previously frozen 
containers. Abdominal muscle samples were cut and 
shredded, then mixed, to assure relative uniformity. 
Hepatopancreatic tissues were mixed with a spatula. Small 
aliquots from each pool were accumulated until the desired 
weight was obtained. Constant mixing assured homogeneity 
of samples. Three replicates of each year-season-tissue 
were prepared.
The fluorosil procedures (U.S. FDA, PAM Vol. 1, 211.14 
a, d) for the clean-up and extraction of hydrocarbon 
insecticides from animal tissue were slightly modified for 
the crayfish. The aqueous fraction used in the extraction 
procedures contained 4% salt instead of 2% salt in order to 
reduce the formation of emulsions caused by extracted
lipoproteins. A solvent blank and an external standard 
consisting of approximately 12mL of a 50:50 solution of 
dieldrin: endrin in petroleum ether was incorporated into 
each two season-location run. All glassware and equipment 
was triple washed with nanograde petroleum ether prior to 
use.
Elutions were concentrated to five mL, and were 
transferred into Teflon-capped serum vials for the 
autosampler and into two dram storage vials. Both sets of 
vials were stored at 4°C prior to analysis.
Nanograde solvents, glass distilled water, and reagent 
grade dry chemicals were used. Except for the inert 
plastic stopcocks in the chromatographic columns, only 
glass fittings were used.
Sediment Clean-up Procedures
Sediment samples were well mixed, and noticed roots, 
seeds, and other debris were discarded prior to the removal 
of replicate samples. Small aliquots were taken from as 
many locations in the sample jar as was practical to assure 
uniformity. Three replicates from each year-season-site 
were prepared.
The official AOAC 1984 method 
(section 29.001+) was modified by adding the blended dried 
soil and sodium sulfate and the hexane:acetone (50:50) to 
an Erlenmeyer flask with occassional swirling to mix the
materials. The solvents were mixed with the dried 
materials rather than eluted through a chromatographic 
column, because the high clay content in many of the 
sediments plugged the retaining frits. A solvent blank and 
an standard were incorporated.
Water Clean-up Procedures for Pesticides
Bottles containing collected water samples were hand 
shaken to assure uniformity. The water was filtered 
through petroleum ether-rinsed glass wool to remove most of 
the suspended organic and inorganic material. One sample 
from each year-season-site was prepared.
The methylene chloride extraction procedure of PAM, 
Sect. 10-A, revised 6/77, was used. Water sample aliquots 
were eluted with increasing polar two-phase solutions 
through packed deactivated silica gel chromatographic 
columns. A solvent blank and an external standard were 
incorporated into each cycle preparation. Final elutions 
were packaged and stored as previously described.
Gas Chromatography
Samples, prepared as above, were injected by a 
Precision Science (Baton Rouge, La.) GC311V autosampler 
into a Tracor 540 Gas Chromatograph equipped with a Tracor 
electron capture detector (ECD) with a 63Ni source. DB-5 
and DB-210 MegaboreR columns (J+W Scientific, Folsom,
California) - 0.530 mm diameter X 15 m length, with a 1.0 
urn film thickness - were used to separate pesticides. The 
DB-5 column is more sensitive, but a (DB-210) column was 
used to confirm readings. Pesticides were separated by 
eluting with 10 ml/min ultra high purity nitrogen (UHP) 
flowing through and detected with an additional 40 mL/min 
UHP nitrogen purging the ECD. The detector was kept at 
350°C, and the injection temperature was 120°C. The GC was 
programmed to increase at 3°C after remaining at 120°C for 
min until a final temperature of 210°C was attained. The 
column was kept at 210°C for 5 min. Duplicate 0.3 uL 
samples were injected and were analyzed by a Spectra 
Physics 4100 (San Jose, California) integrator.
EPA (Cincinatti, Ohio)-furnished standards for 
organochlorine pesticides produced the following retention 
times on the DB-5 column, in minutes:
MirexR - 32.0 DDT - 25.4 DDD - 22.0
DDE - 16.4 dieldrin - 19.5 endrin - 18.6
heptachlor epoxide - 13.0 aldrin - 11.8
and on the DB-210 column:
MirexR - 22.4 DDT - 17.4 DDD - 16.8
DDE - 14.0 dieldrin - 14.9 endrin - 12.6
heptachlor epoxide - 16.0 aldrin - 7.8
Those samples that had reproducible levels of 
pesticides are reported along with whether one, two, or
three samples had detectable residues. Mean values of 
detected samples are reported in Table 8 without including 
the samples below the detection limit.





1986 None Detected 1987 None Detected
1986 None Detected 1987 None Detected
1986 None Detected 1987
DB-5 ColumnVpl-E2 - 0.311 (Pr P ' )VP-E - <0.001 (o,pf)
LAB-P - 0.040 (P,P‘)LAB-P - 0.003 (o ,p ')
UAB-P - 0.040 (o,p')
DB-210 Column
VP-E - <0.002 (PrP)VP-E - <0.002 (o,p)
LAB-P - <0.002 (PrP')LAB-P - <0.002 (o,p')





LAB-P - 0.009 (o,p)-2 
UAB-L - 0.003 (p,p’) 
DB-210 Column 
La b -P - <0.002 (o,p') 















UAB-P - 0.364 (p,p') 
VP-L - 0.109 (p,p')
DB-210 Column 
UAB-P - <0.002 (p,p') 










VP-E - 0.043 (p,p')
VP-E - 0.019 (o ,p 1)
DB-210 Column 
VP-E - <0.002 (P,P')




































1 - VP = Vermilion Parish 
AP = Acadia Parish 
SMP St. Martin Parish 
CRS =Crowley Rice Experimental Station 
LAB = Lower Atchafalaya Basin 





2 - E = Early Part of Season 
P = Peak of Season 





The literature provided little data regarding the 
deposition of organochlorine pesticides in the edible 
tissues of wild crayfishes. In Table 1, the whole animal 
analyses by several workers are summarized. Table 8 
reports the findings of this study.
DDT and Metabolites.
DDD. Pesticide residue values obtained from the more 
sensitive DB-5 column, were confirmed by the DB-210 column. 
The DDD residue levels in abdominal muscle were detected by 
both columns only in the early 1987 Vermilion Parish ponds, 
the peak lower Basin, and the peak upper Basin samples.
With the DB-5 column, p,p'-DDD was usually found in 
concentrations about ten times that of the o,p'-DDD isomer 
(0.011 to 0.040 and <0.001 to 0.003 mg/kg, respectively).
A possible artifact, which co-eluted, (0.310 mg/kg) was 
noted from the early Vermilion Parish sample. Between 
<0.002 and <0.003 mg/kg DDD were detected by the DB-210 
column.
Artifacts may have co-eluted at the same retention 
time as DDD in the hepatopancreatic tissue on the DB-5 
column to give p,p'-DDD levels of 0.109 to 0.364 mg/kg;
90
91
however, the DB-210 levels were all <0.002 mg/kg. No o,p'- 
DDD was detected. Only the 1987 upper Basin and Vermillion 
Parish samples contained confirmable residue levels.
Sediment DDD residues were not detected by both 
columns, while water levels were confirmed as less than 
0.002 mg/L, in the early and peak 1986 Acadia Parish and 
late Crowley Rice Station pond samples, and the late 1987 
Vermilion Parish pond and upper and lower Basin samples.
DDE. Only the early 1987 Vermilion Parish samples 
were confirmed to have levels of DDE residue in the 
abdominal muscle (0.011 mg/kg - DB-5 and <0.002 mg/kg - DB- 
210) , while confirmed residue levels in the hepatopancreas 
were observed only in the 1986 lower Basin (DB-5: 0.018 
mg/kg and DB-210: <0.002 mg/kg) and in the early 1987 
Vermilion Parish sample (DB-5: o,p' - 0.019mg/kg, p,p' - 
<0.043 mg/kg; DB-210: o,p' and p,p' - both <0.002 mg/kg).
DDE residues were not detectable with both columns for 
water and sediment at all sites.
DDT. No DDT was detected in any sample.
Dieldrin, endrin, heptachlor epoxide, or MirexR . No 
residues of these insecticides were confirmed with the 
second column, for any sample.
Because the detected (confirmed by both GC columns) 
levels were so low, and the possibility of co-eluting 
artifacts masking low levels of pesticides, no relevant 
interpretation of the data can be made.
Much of the literature regarding the residues of 
organochlorine pesticides in the tissues of crayfishes and 
in their environs has dealt with whole animal analyses 
after intentional or unintentional pesticide application to 
various bodies of water, and are not relevant to this 
study.
In a field study, Hendrick (1965) and Hendrick (1966b) 
reported that P. clarkii. exposed to aldrin-treated rice 
seed in test ponds, accumulated residues in the abdominal 
muscle up to 0.001 mg/kg aldrin and 0.530 mg/kg several 
months later.
Several workers reported persistent pesticide residue 
values from crayfish habitats. Bridges et al. (1963) 
observed a 25-fold reduction in a farm pond sediment DDT 
residue levels eight weeks after treatment, and a non- 
detectable amount after one year. Herring and Cotton 
(1970), for lakes inside and outside the levees of Yazoo, 
Mississippi, Meier et al. (1983) for Malasian rice-fish 
dual-cropped ponds, (Elder and Mattraw, 1984) for the 
Apalachicola River, and Smith et al. (1987) for the upper 
Rockaway River, New Jersey reported sediment DDT and 
metabolites similar to those in this study. The lower 
Rockaway River, below five EPA "superfund" sites, however, 
contained higher amounts.
U.S. Geological Survey DDT and metabolite data (1980) 
used by Niethammer et al. (1984) for northeastern Louisiana
lakes were similar, as were the USGS data for the sediments 
near Amelia, Louisiana and the upper and lower Calcasieu 
River (Stallworth, 1981, Lurry, 1983).
All other persistent pesticide residue levels in the 
sediment were similar to the literature - USGS 1980 
surveys, Elder and Mattraw (1984), Niethammer et al.
(1984), and Meier et al. (1983).
Pesticides, because of their low solubilites, are 
seldom found in substantial quantities in the water. If 
detected, all residue levels in the water were <0.002 mg/L, 
which corresponds to current literature for water in 
Louisiana and nearby states.
METALS
Many of the 27 elements simultaneously separated and 
quantified by the ARL Model 34100 ICP are important 
macronutrients (Na, Ca, Mg, and K) and micromutrients (Fe, 
Zn, Se, Ni, Cu, Cr, Si, P, and Sb) (Reilly, 1980). The 
macronutrients, which are important components of animal 
structural systems and nerve-muscle interactions, are not 
part of the environmental concern, and therefore, are not 
included in this study. Micronutrients most often are 
important in the body as metalloproteins, which function as 
enzymes and hormones and in the circulation systems 
(Lehninger, 1972). Several of these micronutrients,
however, are toxic to several life stages of marine and 
aquatic invertebrates. Arsenic and Cd may be essential in 
minute amounts, but no essentiality has been established 
for Pb and Hg (Reilly, 1980). ICP values for As, Cd, Cr, 
Cu, Hg, Ni, and Pb analyses of crayfish tissues are 
presented in Tables 9 through 15. The ICP has a rather 
high detection limit - 1.0 and 2.5 mg/kg for Hg and Pb, 
respectively. Therefore, the values presented indicate 
only that the tissues have less than the detection limits. 
Detection limits for the ICP, in mg/kg, are: As (1.00), Cd 
(0.10), Cr (0.40), Hg (1.00), Ni (0.40) and Pb (2.50).
Values for the metal content in the water at crayfish 
collection sites are not tabulated, nor compared with 
finding of other researchers. Most of the commonly 
monitored, toxic metals have very low solubilities in 
water, and if present, they fall below the detection limit 
of the ICP.
Only studies by (Vermeer, 1972; Anderson and Brower, 
1978; and, Stinson and Eaton, 1983) reported metal 
composition of the sediments in the study areas for 
crayfishes. Metal compositions of soils by Kirkham (1979) 
and Reilly (1980) and data from the U.S. Geological Survey 
studies of Louisiana waters are included for comparison.
Arsenic. Abdominal muscle concentrations of As in 
this study had a range from less than the ICP detection 
limit (<1.00 mg/kg) to 4.30 mg/kg, Table 9. Higher 
concentrations were noted in the 1987 Vermilion Parish, the 
1986 lower Basin, and the 1987 upper Basin locations.
Since the papers reviewed reported only levels in the whole 
animal for this metal, no comparison can be made with the 
abdominal muscle.
Bernard and Roy (1977) reported As levels (<0.1 mg/kg) 
in the hepatopancreas of P. clarkii. Concentrations in 
this report ranged from <1.00 to 5.70 mg/kg, with the 
higher levels coming from the three locations described 
above.
Penrose and Woolson (1974) reported As levels in 
commercial unspecified shrimp (most likely Penaeus spp.) of 
1.5 mg/kg (1966 data), while Phillips et al. (1982) 
reported levels of As in the abdominal muscle of several 
Hong Kong marketplace decapods: crabs (Portunus spp.,
Scylla spp.. and Charibdvs spp.) - less than 19.1 mg/kg; 
shrimps and prawns (Penaeus spp., Metapenaeus s p p ., and 
Parapenaopsis spp.) - less than 44.0 mg/kg; and, lobster 
(Panulirus penicillatus) -less than 52.8 mg/kg, as is 
bases.
Table 9. Arsenic residues in crayfish tissues and environs1






































































































































































in mg/kg, unless noted
AP = Acadia Parish
CRS = Crowley Rice Exp. Station
SMP = St. Martin Parish
VP = Vermilion Parish
LAB = Lower Atchafalaya Basin
UAB = Upper Atchafalaya Basin
E = Early part of season 
P = Peak of season 
L = Late part of season
86 = 1986 Fishing season
87 = 1987 Fishing season
- HEP = Hepatopancreas
- ABD = Abdominal Muscle




No data are available for As residues of sediments in 
the study areas. Sediment values in this study ranged from 
6.681 to 50.69 mg/kg, values which range from less than 
those in USGS surveys to five-fold those reported by the 
USGS surveys. Reilly (1980) and Kirkham (1979) reported 
normal soil ranges of As up to 40 mg/kg, which is within 
the range of most of the sites reported here. Pond 
sediments generally exceeded Basin sediments two to four­
fold.
Kavanagh (1988) reported that the use of MSMA 
(Monosodium methearsonate, Spencer, 1981) has increased 
dramatically recently in Louisiana, because it is one of 
the few defoliates allowed by the EPA. The compound is 
particularly aimed at Johnson grass (Sorghum halapense) and 
other roadside grasses.
Cadmium. Means of Cd storage in the abdominal muscle 
in this study ranged from less than the ICP detection limit 
(C0.100) to 5.429 mg/kg, Table 10. No trend was evident 
for concentrations greater than 1.000, although there was a 
trend for higher Cd levels overall in the tissues of the 
Basin samples. Tissue concentrations did not correlate 
with seasonality or with residues in the sediment.
Pacifasticus leniusculus (Stinson and Eaton, 1983), and O. 
virilis and C. bartoni Bagatto and Alikhan (1987a,c) 
contained Cd levels within this range. Residues were 
independent of the amount present in the environment, since
Table 10. Cadmium residues in crayfish tissues and enviorons1





























































































































































in mg/kg, unless indicated
AP = Acadia Parish
CRS = Crowley Rice Exp. Station
SMP = St Martin Parish
VP = Vermilion Parish
LAB = Lower Atchafalaya Basin
UAB = Upper Atchafalaya Basin
E = Early part of season 
P = Peak of season 
L = Late part of season
86 = 1986 Fishing season
87 = 1987 Fishing season
- HEP = Hepatopancreas
- ABD = Abdominal muscle
- SED = Sediment
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those caught in mildly or heavily-contaminated lakes, and 
from non-acidic or acid neutralized lakes had similar 
values. Rincon-Leon et al. (1988) obtained values near the 
low end of the range in P. clarkii. When converted to the 
"as is" basis, values reported by Anderson and Brower
(1978) for O. virilis and Dickson et al. (1979) for O. 
australis australis and C. tenebrosus would be below the 
ICP detection limits.
Samples of Hong Kong market shrimp, prawns, and 
crabmeat had higher residues than the crayfish, but lobster 
(0.7 mg/kg) had lower levels of Cd (Phillips et al., 1982). 
The residues in the hepatopancreas were from the detection 
limit (<0.1000) to 0.634 mg/kg. O. australis australis and 
C. tenebrosus (Dickson et al., 1979), O. virilis and C. 
bartoni, collected from a less polluted lake (Bagatto and 
Alikhan, 1987a), and C. bartoni. from both a non-acidic and 
a neutralized lake (Bagatto and Alikhan, 1987c) contained 
similar residues in the hepatopancreas. Bernard and Roy 
(1977) reported values (<0.1) below the ICP detection 
limits. Cd residues in hepatopancreas from this study were 
below 4.550 mg/kg (Table 10).
No discernible pattern existed differentiating pond 
sediment from Basin sediment. These values were 
approximately 10 times those reported by Kirkham (1979) and 
Reilly (1980) for normal soil values. However, sediment 
loading of Cd in the Fox River, Illinois, reported by
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Anderson and Brower (1978), was within this range.
Although no crayfish were collected from the river, the 
Apalachicola River, similar to the Atchafalaya in many 
ways, contained sediment Cd loads in the range reported 
here (Elder and Mattraw, 1984). The U.S.Geological Surveys 
reported values were substantially below - up to 20 times 
- those obtained in this study.
Higher levels of Cd in the St. Martin ponds may be 
explained by the long history of oil exploration and 
production in the old Anse L'Butte oilfield in the Parish. 
ZnCl2 has been used extensively as a "weighting" agent 
(holds the oil and gas "in place" down hole during the 
completion phase of the well) Larson (1988). Where Zn is 
present, Cd is also found (Merian, 1985). Before 
environmental constraints were placed on the oil industry, 
drilling and completion fluids were simply discharged onto 
the ground.
High levels of Cd in the Basin sediment may have 
resulted from extensive recreational and commercial 
boating. Oil products - gasoline, oil, and lubricants - 
contain Cd. When the products are burned, particularly in 
the case of 2-cycle outboard engines (which burn oil with 
the gasoline), much of the Cd-laden exhaust is discharged 
directly into the water. Van Hassel et al. (1980) reported 
that Cd entered the water (as well as the sediment and 
biota) from highway traffic, since Cd is also found in
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tires. Most commercial ponds, in south Louisiana, parallel 
heavily-travelled roads. The runoff from the high amount 
of rainfall in southern Louisiana could carry substantial 
amounts of the metal into the water. Because of the low 
solubility in water, the Cd would be deposited on the 
sediment and adsorb to it.
Chromium. Abdominal muscle concentrations in this 
study ranged from less than the ICP detection limit (<0.200 
mg/kg) to 0.810 mg/kg, Table 11. The 1987 Vermilion Parish 
and upper and lower Basin sites all had higher than average 
values. Similar residues were found by Dickson et al.
(1979) in O. australis australis and C. tenebrosus. by 
Bagatto and Alikhan (1987a,c) in O. virilis and C. bartoni 
from contaminated, uncontaminated, non-acidic, and 
neutralized acidic lakes, and by Rincon-Leon et al. (1988) 
in P. clarkii from polluted areas. Stinson and Eaton 
(1983), however, observed levels twice the maximum of this 
study in Pacifasticus leniusculus collected from heavily- 
contaminated areas of an urban lake.
Hong Kong seafood reported by Phillips et al. (1982) 
contained about one-half the Cr in their abdominal muscle.
Bernard and Roy (1977) reported Cr concentrations in 
the hepatopancreas of P. clarkii below the ICP detection 
limit. Dickson et al. (1979) and Baggato and Alikhan 
(1987a,c) reported Cr levels in the hepatopancreas, which
Table 11. Chromium residues in crayfish tissue and environs1
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1 - in mg/kg, unless indicated
2 - AP = Acadia Parish
CRS = Crowley Rice Exp. Station
SMP = St. Martin Parish
VP = Vermilion Parish
LAB = Lower Atchafalaya Basin
UAB - Upper Atchafalaya Parish
3 - E = Early part of season
P = Peak of season 
L = Late part of season
86 = 1986 Fishing season
87 = 1987 Fishing season
4 - HEP = Hepatopancreas
5 - ABD = Abdominal Muscle
6 - SED = Sediment
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corresponded with those in this study (from <0.100 to 0.634 
mg/kg). The higher concentrations in the present project 
from (<0.1000 -detection limit to 0.634 mg/kg) were 
obtained from the 1987 Vermilion Parish and upper Basin 
locations.
Baetjer (1974), who used metal contents in soils 
presented by Bertine and Goldberg, reported the range of Cr 
in soils to be between 10 and 150 mg/kg. All values for 
the sediment in this study fall within these limits (24.06 
to 112.3 mg/kg). The 1986 St. Martin Parish ponds had 
levels of Cr two to five-fold that of other ponds. The Cr 
loading in this study are within the ranges found in the 
USGS surveys. None of the reviewed studies reported 
analysis for Cr in the sediments from their collection 
sites. Elder and Mattraw (1984) reported Cr levels in the 
sediment of the Apalachicola River similar to those here.
Chromium, as chromium lignosulfate, is commonly used 
in the oil industry as a completion weighting fluid 
(Larson,1988). Chromium and Zn are strictly regulated in 
reserve pits by the Louisiana Department of Environmental 
Quality (Kavanagh, 1988). The metal may have entered the 
Basin collection areas from the older, less regulated oil 
activities along the Atchafalaya. Elevated tissue levels - 
and sediment, at St. Martin Parish ponds most likely are 
explained by oilfield contamination (Kavanagh, 1988).
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Cooper Copper is an important, homeostatically- 
regulated, metal in crayfish, since it is the central metal 
ion in the circulatory system oxygen-carrying 
metalloprotein hemocyanin. It is also important in many 
enzymes, which is why high concentrations are often found 
in decapodan hepatopancreatic tissue and viscera. For 
these reasons, among others, Cu was the only element 
analyzed by the ICP to show a significant positive 
correlation (p=0.05) with increased seasonality. Copper in 
crayfish (Bagatto and Alikhan, 1987a), would be expected to 
have similar levels in specimens collected in various 
locations, Table 12. Abdominal muscle levels in this 
study ranged from 1.105 to 5.510 mg/kg. The 1987 Vermilion 
Parish and 1987 upper Basin sites had the highest values.
This range corresponds with that found by Anderson and 
Brower (1978) in O. virilis. Dickson et al. (1979) in O. 
australis australis and C. tenebrosus, Bagatto and Alikhan 
(1987a,c) in O. virilis and C. bartoni from contaminated 
and non-contaminated lakes, and for C. bartoni from non- 
acidic and neutralized acidic lakes.
Common Hong Kong seafood contained about twice as much 
Cu residues in their edible abdominal muscle (Phillips et 
al., 1982).
Mean copper concentrations in the hepatopancreas 
(4.432 to 24.91 mg/kg), were not related to location or 
time of season. Bagatto and Alikhan (1987a,c) reported
Table 12. Copper residues in crayfish tissues and environs1






































































































































































in mg/kg, unless indicated
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CRS = Crowley Rice Exp. Station
SMP = St. Martin Parish
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UAB = Upper Atchafalaya Basin
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- SED = Sediment
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hepatopancreatic values eight time greater (in C. bartoni 
from both neutralized acidic and non-acidic lakes) and six 
times greater (in 0. virilis and C. bartoni from heavily- 
contaminated lakes); Dickson et al. (1979) four-fold 
greater for 0. australis australis. and Bernard and Roy 
(1977) three times greater in P. clarkii than reported in 
this project. C. tenebrosus (Dickson et al., 1979) and 0. 
virilis and C. bartoni, from a lesser contaminated lake, 
had similar residue values. Several of the high Cu 
readings in this study may be explained by the use of all 
sizes and molting stages of crayfish. They were not 
selected to fit a certain category, as in many of the other 
studies. A small amount of circulatory fluid from near- 
molt individuals could heavily weigh the results.
Sediment values from this study (<0.400 to 28.31 
mg/kg) were in the range presented by Kirkham (1979). The 
1986 St. Martin ponds contained two to five times more Cu 
than the other sites. Anderson and Brower (1978) reported 
Cu-loading in the Fox River, Stinson and Eaton (1983), and 
the U.S. Geological Survey sediment samples were within the 
range presented here. Elder and Mattraw (1984) reported 
values about twice that found here.
There was no significant correlation between sediment 
levels of Cu and tissue levels. High levels in the 
hepatopancreas seldom corresponded with high abdominal 
muscle concentrations.
119
Mercury. The detection limit for mercury by the ICP 
is much higher than the expected levels of mercury. 
Subsquently, residue levels in the abdominal muscle are 
difficult to compare to the literature, Table 13. 0.
virilis from a non-polluted lake (Vermeer, 1972), 0. 
virilis (and 0 . diogenens, 0 . propincruus. and 0 . rusticusl 
collected above heavy Hg-discharge points (Sheffy, 1978), 
and Pacifasticus leniusculus (Stinson and Eaton, 1983), and 
were between 6 to 10 times lower than those reported from 
heavily Hg-contaminated waters - 0. virilis (Vermeer,
1972), 0. virilis. 0. diogenens. 0. propinouus. and 0. 
rusticus (Sheffy, 1978), and Pacifasticus sp. (Cooper,
1983).
Market seafood from Hong Kong contained abdominal 
muscle levels of: crabs - up to 0.92 mg/kg; lobster - up to 
0.20 mg/kg; and, shrimps and prawns - up to 0.24 mg/kg, as 
is basis (Phillips et al., 1982). The values reported by 
Sunderman (1975) for edible Canadian decapod muscle were 
less than detection limits.
Hepatopancreatic tissue values in P. clarkii reported 
by Bernard and Roy (1977) were below the ICP detection 
limit.
Sediment Hg residues in the study (from 2.675 to 34.14 
mg/kg) were similar to those reported by Sheffy (1972) . 
However, this is up to 40 times that reported by Kirkham 
(1979) and Reilly (1980) for normal contents in soils, and
Table 13. Mercury residues in crayfish tissues and environs1
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at least 10 times higher than USGS, who found no sediment 
loads higher than 0.27 mg/kg.
Nickel. The range of residues of Ni in the abdominal 
muscle ranged from below the detection level (<0.400 mg/kg) 
to 1.846 mg/kg, Table 14. In general, the 1986 lower 
Basin, the 1987 Crowley Rice Station, and the 1987 upper 
Basin locations contained the highest Ni levels. Bagatto 
and Alikhan (1987a) reported similar muscle values in 0. 
virilis and C. bartoni from relatively non-contaminated 
lakes and (1987c) for C. bartoni from a non-acidic lake.
The same species in other, more contaminated waters, 
concentrated from 2 to 15 times the upper range of the data 
presented here.
St. Martin Parish pond crayfish had concentrations 
less than the detection limit for both tissues, although 
the corresponding sediment levels were about twice as high 
as other ponds. No discernible correlation was observed 
between sediment loading levels of Ni and the amounts in 
the tissues.
Bernard and Roy (1977) reported similar Ni 
concentrations in the hepatopancreas of P. clarkii (<0.4000 
to 2.098 mg/kg). Both studies reported the highest Ni 
concentrations from crayfish in Vermilion Parish rice 
fields. Ni often enters the aquatic ecosystem from the 
combustion of diesel fuel and from the use of lubricating
Table 14. Nickel residues in crayfish tissues and environs1







































































































































































in mg/kg, unless indicated
AP = Acadia Parish
CRS = Crowley Rice Exp. Station
SMP = St. Martin Parish
VP = Vermilion Parish
LAB = Lower Atchafalaya Basin
UAB = Upper Atchafalaya Basin
E = Early part of season 
P = Peak of season 
L = Late part of season
86 = 1986 Fishing season
87 = 1987 Fishing season
- HEP = Hepatopancreas
- ABD = Abdominal muscle
- SED = Sediment
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oils. Apparently the presence of several oil refineries 
nearby, which may use Ni as a catalyst, and the many oil 
production and exploration facilities in Vermilion Parish 
seem to have little effect on the detected levels. In some 
areas, though, oil may be important as an anthropogenic 
source, since "average" U.S. crude contains about 0.00142%
Ni. Combustion of natural gas, as in most south Louisiana 
electricity-generating plants, may contribute substantial 
Ni to the environment (Sunderman, Jr., 1975).
The sediment values (7.998 to 41.90 mg/kg) were 
similar to mean for soil concentration reported by Kirkham 
(1979) and Elder and Mattraw (1984) and about two times 
more than the USGS studies.
Lead. Lead, which has a relatively high detection 
limit (2.5 mg/kg) using the ICP, was present in both 
tissues, at all sites, below the detection limit. Lead 
values present in tested crayfish in this study are 
presented in Table 15. O. virilis (Anderson and Brower,
1978), O. australis australis and C. tenebrosus (Dickson 
et al., 1979), Pacifasticus leniusculus (Stinson and Eaton, 
1983), and P. clarkii (Rincon-Leon, et al., 1988) had 
similar residue content.
Phillips et al. (1982) reported Pb residues in edible 
abdominal muscle of Hong Kong seafood below 1.0 mg/kg for 
all species.
Table 15. Lead residues in crayfish tissues and environs1
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in mg/kg, unless indicated
AP = Acadia Parish
CRS = Crowley Rice Exp. Station
SMP = St. Martin Parish
VP = Vermilion Parish
LAB = Lower Atchafalaya Basin
UAB = Upper Atchafalaya Basin
E = Early part of season 
P = Peak of season 
L = Late part of season
86 = 1986 Fishing season
87 = 1987 Fishing season
- HEP = Hepatopancreas
- ABD = Abdominal muscle
- SED = Sediment
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From the literature (Table 5) it appears that lead is 
primarily stored in the exoskeleton, which is normally 
discarded after commercial processing, or dining. Fox 
River, Illinois 0. virilis specimens stored twice the Pb in 
the exoskeleton than in the gills, while the abdominal 
muscle (about 0.65 mg/kg) stored approximately one-fourth 
the exoskeleton level (Anderson and Brower, 1978). O. 
australis australis and C. tenebrosus. collected from a 
Tennessee cave, exhibited a different deposition pattern 
between the two species and from that above.
Dickson et al. (1979), Bernard and Roy (1977), and 
Rincon-Leon et al. (1988) reported Pb residue in crayfishes 
hepatopancreatic tissue below the detection limit.
Pb residues in sediment (46.84 to 119.7 mg/kg) were 
similar to those reported by Anderson and Brower (1978) 
except for the sediment near an industrialized center, 
which was about 50% higher than the upper value, and for 
the most highly contaminated area reported by Stinson and 
Eaton (1983), which was about 75% higher. Elder and 
Mattraw (1984) observed values in the Applachicola River in 
the lower half of the range reported in this study.
CRAYFISH ADAPTATIONS TO THEIR ENVIRONMENT
Invertebrates may tolerate high levels of toxic metals 
from the aquatic environment by employing one or more of 
the following detoxification mechanisms: 1) biological 
oxidation, reduction, or hydrolysis of metals to increase 
water-solubility and solubility in acidic solutions, which 
facilitates excretion; 2) incorporate the metals into 
macromolecular sequesterants such as metallothionein; and, 
3) sequester the metals and store in less mobile tissues, 
or organelles, thus limiting access to the more sensitive 
tissues and organelles (Lech, 1985). A primary means by 
which Crustacea are able to tolerate high concentrations of 
trace metals may be attributed to the formation of granules 
within cells of the alimentary canal or the 
hepatopancreatic caeca (Lech, 1985).
Acquired tolerance to trace metals in animals may 
result from increased synthesis of metallothionein. In 
higher animals, this protein is most often stored in the 
liver and kidney cytoplasm (hepatopancreas and "green” 
gland in crayfish). The protein, produced in response to 
Cd, Cu, or Hg, contains Zn at about half its binding sites. 
Zn has a considerably lower affinity for metallothionein 
binding sites than Cd or Hg. On a second exposure to Cd or 
Hg, these elements replace Zn on the protein. Zn, then,
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rather than the toxic metals, is released into the 
cytoplasm. Cd or Hg may also replace Cu from 
metallothionein. Several trace metals - Co, Pb, Mn, and Ni 
- do not induce the synthesis; however, these ions may 
increase the hepatic Zn pool and indirectly induce 
metallothionein synthesis ( Leland, 1985). Several genera 
of Crustacea also produce low molecular weight Cu-binding 
proteins in their gills, hepatopancreas, viscera, and mid­
gut gland, which bind Cu, Zn, and Cd in a similar manner to 
metallothionein (Leland, 1985).
Soil and sediment microbes, as well as plants and 
animals, degrade DDT into at least 11 metabolites (14, 
higher plants and animals, Matsumura, 1985), depending on 
the fungal or bacterial species. If DDT is initially 
subjected to a dehydrochlorinase, DDE is produced. This 
compound seldom degrades further. If a reductive 
dechlorination initially occurs (which is most common),
DDD (TDE) is produced, which may be degraded into at least 
seven other products. Initial oxidation results in the 
formation of dicofol, which may degrade into a few other 
products (Edwards, 1973a).
Cyclodiene insecticides such as aldrin, dieldrin, and 
heptachlor, may undergo biolgical or (ultraviolet) 
photolysis to yield a variety of products. Aldrin is 
rapidly converted into dieldrin (a more toxic compound), 
which occassionally is degraded. Some soil microbes can
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convert the compound back to its original aldrin
conformation. Several photo-aldrin, dieldrin, and
heptachlor compounds, which often are more toxic than their
parent compounds, are produced in the presence of sunlight.
Heptachlor is also microbially converted into its epoxide
(Edwards, 1973a). Tables 16 and 17 present the degradation
of organochlorine pesticides by biota and by the soil.
Table 16. Fraction of a pesticide retained expressed 
as a fraction of its biological half-
life.











Table 17. Persistence of Some Organochlorine
Insecticides in Soils
Annual dose Half-life Time - 95%
(avg.) (years) disappearence
(years)
lb/ac kg/ha range avg.
aldrin 1-3 1.1-3.4 0.3 1-6 3
DDT 1-2.5 1.1-2.8 2.8 4-30 10
dieldrin 1-3 1.1-3.4 2.5 5-25 8
endrin 1-3 1.1-3.4 2.2 3-20 7
hepta­
chlor
1-3 1.1-3.4 0.8 3-5 3.5
after Edwards, 1973a
There are two major pathways for animals, including 
Crustacea, to detoxify organochlorine pesticides. The 
primary means is to increase the polarity of the compound 
by oxidation, hydrolysis, and other enzymatic processes. 
The secondary method is to increase the water solubility, 
by reacting with: 1) hydrolases, which split insecticide 
substrates through hydrolysis, or with carboxylesterases, 
amidases, and phosphotases; 2) with glutathion-S- 
transferases, which are characterized by their dependency 
on reduced glutathione (GSH) for its action (DDT- 
dehydrochlorinase is an example); and, 3) through 
microsomal oxidase systems, which require NADPH, 
microsomes, and oxygen in vitro for degradation of their 
substrates. The most important of these for insect (and 
most likely crustacea, since they are both arthropods) is 
the third one, NADPH-requiring general oxidation system. 
(Matsumura, 1985).
The NADPH-requiring general oxidation system 
(microsomal mixed function oxidase system - "MFO"), in the 
microsomal portions of tissues - especially the kidney 
("green gland" in crayfish), involves NADPH as a cofactor. 
The electron transport system, with cytochrome P45o> is 
capable of oxidizing many different kinds of substrates. 
The P450 system also catalyzes many reactions, including 
dealkylation, aromatic ring hydroxylation, cleavage of 
ester bonds, epoxidation, and so forth (Matsumura, 1985).
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Nearly a decade and a half has expired since the 
persistent organochlorine pesticides began to be phased out 
by legal action in the U.S., which is evident by the 
extremely low residual values reported in this study. 
Discharges of trace and heavy metals have been regulated 
since the passage of the 1972 Clean Water Act. The 
effectiveness of both the "Act" and the ability of soil, 
and other, organisms to degrade both classes of xenobiotic 
contaminants is documented by two federally-funded studies 
which have analyzed fishes from 115 sites around the 
country since 1967. All trophic levels of fish were 
covered from highly piscivorous species (generally tertiary 
consumers) such as alligator gar (Lepososteus osseus) and 
largemouth bass (Micropterus salmoides) to detritivorous 
omnivores such as carp fCvprinus carjoio) and bigmouth 
buffalo (Ictiobus bubalus). Schmitt et al. (1985) reported 
the status of persistent pesticides in the fishes to have 
dropped - in aggregate, over the entire collection area - 
total DDT: from 0.37 mg/kg (geometric means, as is basis) 
in 1976-1977 to 0.29 in 1980-1981; DDE: 0.27 to 0.20; DDD: 
0.09 to 0.07; dieldrin: 0.05 to 0.04; endrin: 0.01 to 
<0.01; heptachlor (and its epoxide): remained at 0.01; and 
MirexR : not analyzed (in one study) to <0.001, 
respectively. Similarly, during the same time frames, 
trace metals dropped (1978-1979 to 1980-1981) - Pb: 0.19 to 
0.17; Hg: remained at 0.11; Cd: 0.04 to 0.03; As: 0.16 to
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0.14; and Cu: 0.86 to 0.68, respectively, as above (Lowe et 
al., 1985).
In summary, after 45 samples of crayfish, obtained 
from four pond and two Atchafalaya Basin locations, over 
two production seasons, at three different times during the 
commercial fishing seasons, were analyzed for heavy/trace 
metals and persistent organochlorine pesticides, some 
bioaccumulation of several metals - As, Cd, Cu, and Ni - 
occurred in the edible tissues. The hepatopancreas, 
because of its higher lipid content, and because it is a 
center for xenobiotic detoxification, in general, stored 
more of the metals than did the abdominal muscle. No 
correlation was noted between sediment-loading levels of 
the metals and tissue bioaccumulation, nor was there a 
correlation - except for Cu - between season of harvest and 
tissue concentration levels. No significant difference was 
detected between pond and wild (Basin) samples as to tissue 
concentration levels.
Tissue storage levels of the organochlorine pesticides 
were minute enough to be considered insignificant.
Except for several cases of relatively high readings 
for As in the crayfish tissues (up to about 5 mg/kg), the 
animals were remarkably "clean", when one considers the 
overall environmental status of the state. Friberg (1988) 
reported that only about 2 to 10% of the accumulated As is 
in the toxic inorganic form in seafood, while the remaining
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90% to 98% is in the arsenobetaine form. Only As-sensitive 
individuals, who consumed large amounts of crayfish, would 
have reason for concern. The amounts of seafood, 
containing various concentrations of As, to be consumed to 
attain a given daily intake of As are presented in Table 
18.
Table 18. Total daily intake of inorganic and organic 
As by consumers of various amounts and 
types of seafood.








1.0 2 18 15 135 100 900
10.0 10 190 75 1425 500
9500
after Friberg, 1988
The consumption of 3 0 ugAs/day, would be less than 
one-tenth of the amount, which according to the WHO 
Criteria Document, which would give rise to a 5% increased 
"risk11 for skin cancer after a lifetime (Friberg, 1988) .
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